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ABSTRACT

An experimental investigation of natural convection immersion
cooling of two configurations of discrete heat sources in an enclosure
filled with Fluorinert FC-75 has been conducted. A three by three arrayv
of rectangular protrusions was employed.

In the first study. using the same equipment set-up of Benedict
[Ref. 13]. the influence of changing the enclosure bottom surface
boundary condition on flow patterns and heat transfer characteristics
was examined. Both insulated and uniform temperature boundaryv con-
ditions were considered.

In the second set of experiments, a new chambci with tne pro-
trusions oriented vertically was assembled and effects cf component
orientation on the heat transfer characteristics were examined. In
addition. timewise variations of temperature in several locations were

measured and interpreted at different power levels.
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I. INTRODUCTION

A. STATEMENT OF THE PROBLEM

With the increase in circuit packaging density associated with the
miniaturization of microelectronic components, heat dissipation has
become a major problem in the design and construction of digital
computers and high-power electronic equipment in general. Several
alternatives to the solution of the problem have been studied in the
past 10 vears. including that of Chu [Ref. 1]. Among these, immersion
cooling appears to be one of the most effective for achieving high heat-

transfer coefficients.

B. IMMERSION COOLING: ANALYTICAL AND EXPERIMENTAL
STUDIES

From the construction of the first electronic digital computer, the
solution to the problem of heat dissipation from high packaging den-
sitv electronic equipment has not been easy. Even though very inter-
esting forced convection methods have been studied and very
frequently used (Chu [Ref. 1] describes several mecthods of air- and
water-forced convection cooling). the hardware that has to be added
to supplv the additional power and to store and circulate the cooling
liquid can be cumbersome in any application.

The direct immersion of the electronic circuitry into dielectric
liquids improves its cooling capability significantly. Baker [Ref. 2]

found liquid cooling by free convection to be more than three times as




effective as free convective air cooling of the same device. He made
heat transfer measurements from thin-film tantalum nitride resistors
evaporated on Corning 7059 glass substrates. The substrates were 1.0
by 2.6 by 0.12 cm. All resistors were rectangular, with their height
(dimension parallel to the flow) one-half their base. The surface arcas
of the resistors were 0.0106. 0.104. 0.477. and 2.00 cm?. Two liquids
were used in the study: freon with a Prandtl number of 3.9, and Dow
Corning #200 silicone dielectric liquid with a Prandtl number of 126.
The results showed that the heat transfer coetficient is approximatelyv
proportional to the cube root of the reciprocal of viscositv. It was also
found that the convection coefficient does increase significantly as the
source size decreases. The free convection heat transfer coefficient for
the smallest source was more than an order of magnitude greater than
for the largest source operated under the same conditions.

In a following studyv. Baker [Ref. 3] also examined different cooling
techniques. such as nucleate boiling. forced convection. and bubble-
induced mixing for cooling small heat sources.

Park and Bergles [Ref. 4] conducted experimental studies of natu-
ra! convection from discrete flush-mounted rectangular heat sources
on a circuit board substrate. Micro-electronic circuit elements were
simulated with thin foil heat-rs supplied with DC power. Measure-
ments were also made for protruding heaters of varying widths. in
water and R-113. They found and documented the increase in heat
transfer coefficient with decreasing width. This effect was greater in

R-113 than in water. Also. for protruding heaters. the heat transfer




cocfticients for the upper heaters in an arrayv were found to be higher
than those tor the lower heaters. This behavior was not observed for
flush-mounted heaters. As the distance between heaters increased. so
did the heat transfer coefficients.

Chen. et al. [Ref. 5] made an experimental study of natural
convection heat transfer in a liquid-filled rectangular enclosure with
10 protruding heaters from one vertical wall. The top surface of the
enclosure maintained at a uniform temperature acted as the heat sink.
All other surfaces. except the heater locations. were unheated. The
enclosure was 16.7 cm in height, 2.3 cm in width, and 19.6 ¢cm in
depth (horizontal z-direction of the heaters). The 10 heaters were 0.8
cm high., 1.11 cm wide. and 19.6 cm deep. The vertical spacing
betweer heaters was equal to the heater height. Distilled water and
ethvlene glveol were used as working fluids. Experimental results
show that the bottom heater (heater 1), except for high Ravleigh
number runs. has the highest heat transfer coefficient. The heat
transfer coefficients at heaters 7. 8, and 9 are nearlv the same and
present the lowest values among the heaters. It was also shown that
heat transfer coefficient decreases up to heater 7. At high Rayleigh
numbers. the top heater (10} has the highest heat transfer coeffi-
cients. The flow visualization carried out indicates a core flow within
the enclosure and a recirculating cell in the gap between heaters.
Approximate measurements of the fluid velocity werc provided from

the particle traces in the flow visualization.




Kevhani et al. [Ref. 6] experimentally studied the buovancy-driven
flow and heat transfer in a vertica! cavity with discrete fiush hcat
sources on one vertical wall while the other vertical wall was cooled at
a constant temperature. This enclosure contained 11 alternatively
unneated and flush-mounted rows of isoflux heated strips. The liquid
was ethvlene-glvcol with a Prandtl number of 150.

To examine the flow structure, visualization experiments were
conducted for several power inputs. Finely ground aluminum powder
(5 to 20 microns in size) was used to visualize the flow. The observed
flow for a power input of 10 watts was highly structured except for
small regions near the end walls. A primary flow circulating from the
hot wall to the cold wall, a secondary flow with the same sense of cir-
culation as the primary flow. and a tertiary flow in the opposite direc-
tion of the secondary flow were observed in the photographs taken at
this power level. At a higher power level of 40 watts, the flow pattern
above the mid-height region of the cavity showed transition from
laminar to turbulent flow along the surface with heaters. The douwn-
ward flow along the cold wall was still laminar. For a fixed power
input. the heat transfer coefficient generally decreased with increase
in height (or heater number). The rate at which Nusselt number
decreased with the increase in heater number was found to be a
strong function of the heater location.

Kelleher, et al. [Ref. 7] and Lee, et al. [Ref. 8] studied experimen-
tallv and numerically the cooling by natural convection of a water-filled

rectangular enclosure with a long heater protruding from one vertical




wall and conducted flow visualization and heat transfer measurements
with the heater at three different elevations. Theyv found the two-
dimensicnal flow to be dual-celled. consisting of a buovancy-driven
upper cell, in which the major part of the fluid motion takes place and
which accounts for the majoritv of the convective heat transfer, and a
shear-driven lower cell in which the fluid motion arises due to the
viscous drag from the upper cell.

Liu. et al. [Ref. 9] used a three-dimensional finite difference
method to studyv the natural convection cooling of an array of chips
mounted on a vertical wall of a three-dimensional rectangular enclo-
sure filled with a dielectric fluid Fluorinert FC 75. Theyv found the long
time solution to be oscillatory. Maximum chip temperatures were
found on the top surfaces of the three top chips. However, these
maximum temperatures did not all occur at the same time. but alter-
nated among these three chips as time proceeded in a rather regular
fashion. It was also observed that the bottom sink was quite ineffective
in removing heat from the enclosure and that the convective circula-
tion was essentially limited to the chip areas.

Joshi, et al. [Ref. 10} carried out an experimental investigation to
studyv the natural convection cooling of a 3 by 3 array of heated protru-
sions in a rectangular enclosure filled with dielectric fluid FC-75. They
observed that at low power levels (0.1 watts). the flow structure was
largely determined by the thermal conditions at the enclosure sur-
faces. With increasing power levels (0.7 to 3.0 watts), an upward flow

developed adjacent to each column of components. The flow away




from the elements became strongly three-dimensional and time-
dependent with increasing thermal inputs. Component surface tem-
peratures were used to obtain a heat transfer correlation over the
range of power levels examined.

Liu., et al. [Ref. 11] carried out a three-dimensional numerical
study of immersion cooling of a chip array by laminar natural convec-
tion in a rectangular enclosure filled with a dielectric liquid. They
determined the local temperature responses on the chip surfaces,
their dvnamic behaviors. and their dependence on the enclosure gap
size. It was found that the temperature responses are decidedly oscil-
latorv with wave forms ranging from simple to complex, and that
maximum chip surface temperatures occur on the top row of chips for
large gap sizes but oscillate among all three rows of chips for small gap

sizes.

C. OBJECTIVES

The work reported here is a continuation of thesis research con-
ducted at the Naval Postgraduate School by Pamuk [Ref. 12] and Bene-
dict [Ref. 13]. The numerical studies by Liu, et al. [Ref. 9] and Liu, et al.
[Ref. 11] were the motivation for some of the specific investigations
carried out.

The objectives of the present investigation are twofold: The first is
to examine the effect of bottom surface boundary condition on thermal
transport in the natural convection cooling of a 3 by 3 array of
horizontally arranged protruding elements on a vertical wall. The sec-

ond objective is to examine heat transfer, fluid flow characteristics.




and the influence of thie width of the chamber during the natural con-
vection cooling of a 3 by 3 array of vertically arranged protruding ele-
ments on a vertical wall. Temperature fluctuation measurements were
plotted and compared with existing numerical analvsis of Liu. et al.
[Refs. 9 and 11] and Benedict [Ref. 13). For both studies. flow visual-

izations were also carried out.




JI. EXPERIMENTAL SET-UP

A. GENERAL CONSIDERATIONS

Two different experimental configurations were used for the
studies reported here. In the first, a 3 by 3 array of rectangular ele-
ments with the largest dimension aligned horizontally was examined.
In the second study, the largest dimensions were in the vertical
direction. The two experimental configurations are next described.

The details of the experimental procedures are available in Bene-
dict [Ref. 13]. The Data Acquisition Programs were the same as used by
Pamuk [Ref. 12] and Benedict [Ref. 13] with minor modifications in
output format and number of channels. These programs are collected
in Appendix D.

1. Experimental Set-Up for the Horizontal Arrangement

A schematic sketch of the arrangement is provided in Figure
2.1 (after Benedict [Ref. 13]). The configuration is the same as the one
used by Joshi, et al. [Ref. 9] and Benedict [Ref. 13]. The distribution of
the components and the top view of the chamber are illustrated in
Figures 2.2 and 2.3 (both after Benedict [Ref. 13]).
This part of the thesis examines the effect of changing the

enclosure bottom surface boundary condition on the overall thermal
behavior of the system. A more detailed description of the experimen-

tal arrangement can be found in Benedict [Ref. 13].
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2. Experimental Set-Up for the Vertical Arrangement

The chamber assembly, illustrated in Figure 2.4 was made of
19.05 mm plexiglass with dimensions of 241.13 mm length, 152.0 mm
height. and 120.65 mm width. As in the first arrangement, the cham-
ber was ftilled with FC-75. a dielectric fluid through tubing at the
bottom of the chamber.

In both experimental configurations, two heat exchangers,
one at the top and one at the bottom. were used (see Figure 2.1). The
design of the exchangers for the first configuration is described in
Joshi. et al. [Ref. 10]. In the second study, several modifications were
made to reduce the heat transfer from the outside environment to the
colder circulating water. The resulting design is seen in Figure 2.5.
The external walls of both top and bottom heat exchangers were made
of plexiglass. The walls acting as the top and bottom of the fluid-filled
enclosure were aluminum plates 3 mm thick., chosen to provide an
almost isothermal surface condition. Inlet and outlet headers were
provided for flow distribution. Three thermocouples, symmetrically
placed along the plate length. were used for the calculation of the
average surface temperatures. The heat exchangers could be accessed
easily to block one or more of the channels to reduce the coolant flow
rates.

A 3 by 3 array of discrete protrusions, vertically arranged (see
Figure 2.6). was mounted on a 19.05 mm thick plexiglass card. The
card was slid into the chamber and was kept in location by plexiglass

supports that prevented its linear movement as well as rotation.
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PLEXIGLASS
CASING

635mm 158mm

— !
il

mm
1906 — —— 4445mm

—r———————~ 120.65 mm

ALUMINUM PLATE

TOP HEAT
EXCHANGER

b)

BOTTOM HEATY
EXCHANGER

c) T

31.75mm»l_
\ — _MEADERS

254 mm

82.55 mm ——
Figure 2.5 Heat Exchangers

———

(a) Cross-Sectional View; (b) Isometric View;
(c) Inlet and Outlet Headers
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The chamber design allowed the replacement of the card in a
simple wav. The upper heat exchanger could be removed and the new
card could be easilv installed. This permits the installation of different
card configurations (staggered. flush mounted. etc.) in the future
without much additional effort. By moving the card back or forth. the
chamber width could be changed. This was done in order to study the
effect of this parameter in the overall heat transfer.

The heated components in both studies were aluminum
blocks of 8 mm by 24 mm and 6 mm high (see Figure 2.7--alter
Benedict [Ref. 13]). The dimensions and geometry simulate approxi-
matelyv a 20-pin dual-in-line-package. A nearly uniform heat ux con-
dition was maintained at the base of each block by attaching a foil-type
heater with a resistance of about 11 ohms. The foil heaters contained a
network of Iconel foil mounted on a Kapton backing and were
23.6 mm by 7.6 mm in dimension and were bonded to the base of each
aluminum block using a high thermal conductivity epoxy (Omega Bond
101).

Temperatures at the center of each fluid exposed component
face were determined using .127 mm diameter copper-constantan
thermocouples. Thermocouple locations on each heater are illustrated
in Figure 2.7.

All the thermocouples were connected to an HP-3497 auto-
matic data acquisition syvstem controlled by an HP-9826 microcom-

puter. Power to the heaters was supplied by a 0-40 volt. 0-1A DC

16
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power supply. A simultaneous measurement of the overall voltage drop.
along with the voltage drop across each heater. allowed the computa-
tion of the power dissipation through individual heaters.

Flow visualization was carried out with a 4 mw Helium-Neon
laser for illumination. To produce a plane of light. a cvlindrical lens
was used (see Figure 2.8— after Benedict [Ref. 13]). The laser sheet
illuminated magnesium particles (specific gravity of 1.74) that were
added to the FC-75 (specific gravity of 1.76 at 25° C). This technique
allowed for the visualization of a single two-dimensional plane of the
flow field. Time exposure photographs of the flow were obtained using
a Nikon F-3 camera with a 50 mm lens, a MD-4 motor drive. and a

MT-2 intervalometer.
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III. RESULTS AND DISCUSSIONS
FOR HORIZONTAL ARRANGEMENT

A. FLOW PATTERNS

Flow visualization was carried out in six vertical planes, seen in
Figure 3.1 (after Benedict [Ref. 13], for the two different bottom
boundary conditions: 20° C and insulated. The three-dimensional
transport responses, across the range of power dissipation of 0.1 W to
3.0 W, were inferred from these visualizations. In the following, a
detailed description of the observed flows is provided.

1. Flow Patterns for the Bottom Boundary at 20° C

The flow patterns observed at several power dissipation levels
from no dissipation to 3.0 W are collected in Figures 3.2 to 3.7. Visu-
alization with no power (see Figures 3.2 and 3.3) was to examine the
natural convection flow due only to the difference in temperature
between the two heat exchangers, and its possible influence on the
flow patterns. with the heaters turned on.

At no power, the flow consisted of a single clockwise cell that
occupied the entire chamber. This overall flow was established as a
result of the temperature differences between the enclosure walls.
The three-dimensionality of the flow was evident from visualizations in
the various planes.

At 0.1 W, the pattern observed at no power in Figures 3.2 and

3.3 was completely distorted and no remains of the strong clockwise
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Figure 3.2 Visualization With No Power
in Planes 1 (a), 2 (b), and 3 (c)
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Figure 3.4 Visualization with 1.1 W
in Planes 1 (a), 2 (b), and 3 (c)
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Figure 3.6 Visualization with 3.0 W
in Planes 1 (a), 2 (b), and 3 (c)
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flow were seen. Joshi. et al. [Ref. 10] at the same power level reported
two verv well defined large clockwise cells, one on each side of the
central component column. The present visualization showed that the
flow now was completely dominated by the relatively high temperature
of the bottom heat exchanger. The effects of the buovancy forces due
to the power dissipation were small except in plane 1 (close to the
heaters). where there was a well defined upflow.

In plane 2. the particle traces showed a decrease in velocity.
Also. dark regions. as observed in Joshi, et al. [Ref. 10]. were seen.
These were, however, thinner and not well defined. These nearly qui-
escent regions appear due to the stable stratification produced by the
bottom heat exchanger. Descending fluid from the top is unable to
penetrate the colder layer of fluid at the bottom. In plane 3, a down-
flow resulted due to an increase in the density of the colder fluid. in
contact with the upper heat exchanger, at 10° C.

At 1.1 W (see Figure 3.4). a well defined pattern could be
observed in planes 1 and 2. Along the central column of heaters. the
upflow was wider and stronger than near the adjacent columns. This
flow was the result of the interaction of an upflow along the central
column, a clockwise flow around the right column (heaters 1, 2. and
3). and a counterclockwise flow around the left column (heaters 7. 8.
and 9). In plane 3. a downflow of cold liquid was seen. In Figure 3.5,
flow patterns at 1.1 W in planes 4, 5, and 6 are illustrated. It is possi-
ble in these pictures to appreciate in a side view the strong upflow

adjacent to the components. The basic difference with the flow
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pattern found in the study by Joshi, et al. [Ref. 10] at the same power
level is still that the inactive zone in the bottom of the chamber is not
well defined.

With further increase in the power level, the flow in plane 1
exhibited stronger upflow near the components. The buoyancy forces
generated by the power dissipation here were strong enough to
extend their influence to planes 2 and 3. At 3.0 W, a very thin, dark
laver was still observed at the bottom of the chamber (see Figure 3.6).
A view of the flow patterns in planes 4, 5, and 6 is illustrated in Figure
3.7. This figure shows a buoyant fluid layer adjacent to the compo-
nents. In the remaining chamber. the motion was completelv random.

2. Flow Pattern With the Bottom Boundary Insulated

The flow pattern for this condition showed similar trends as

discussed in section A.1. The induced flow due to the difference in

temperature between the two heat exchangers was not appreciable.

B. HEAT TRANSFER MEASUREMENTS

Heat transfer measurements were made at power levels of 0.1,
0.7. 1.1, 1.5, and 3.0 watts for the two bottom surface boundary condi-
tions. The temperature at the top heat exchanger was maintained
constant at 10° C in all experiments. Temperature and flux-based
Rayleigh numbers (Ra; and Raf) were calculated in a manner identical
to that discussed in Joshi, et al. [Ref. 10] and plotted versus Nusselt
number (Nul). These are defined in the Table of Symbols and

Abbreviations.
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1. Heat Transfer Measurements With the Bottom Boundary
at 20° C

Component surface temperature measurements at various
power levels are collected in Tables 1 through 8 in Appendix C. The
nondimensional heat transfer parameters in the form of Nusselt versus
Ravleigh numbers are illustrated in Figures 3.8 and 3.9. In the same
plots. the correlations found by Joshi, et al. [Ref. 10] were also plotted.

We can see that having the bottom heat exchanger at 20° C
results in general in lower Nusselt numbers than those found by Joshi.
et al. [Ref. 10] in the range of Rayleigh numbers considered. At higher
power levels, when the temperature of the heaters was considerably
higher than the bulk temperature of the dielectric fluid. the difference
in Nusselt numbers is smaller than at lower power levels. The Nusselt
number at a flux-based Rayleigh number of 106 found by Joshi. et al.
[Ref. 10] was 20.4. while the Nusselt number obtained here for the
same Ravleigh number was 19. At lower power levels 0.1 W and 0.7 W,
the differences in Nusselt number were greater. and the decrease in
the heat transfer coefficient was significant. The Nusselt number found
bv Joshi. et al. [Ref. 10] was 10.5 at a flux-based Rayvleigh number of
106, while the Nusselt obtained with the present configuration was
2.9.

At power levels of 0.1 W and 0.7 W, a small increase in the
upper heaters' temperatures over the lower ones was observed. At
higher power levels, the highest temperatures were found irregularly

in different components.
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The component that presented the largest variations from
the mean in the heat transfer coefficients was the upper component in
the central column (heater 6). This is evidenced as deviations from
tne general trend of the obtained data. The variations (lower heat
transfer coefficient at low power levels, and higher heat transfer coef-
ficients at higher power levels) are expected because this component
receives the influence of the combined upflowing streams (produced
bv the other heaters), as was observed and documented in the flow
visualization results in Section A.1. The effect is greater at higher
power levels when the component’s temperature is substantially larger
than the bottom heat exchanger temperature.

2. Heat Transfer Measurements With the Bottom Boundary
Insulated

The results of the temperature measurements with the bot-
tom boundary insulated and the reduced dimensionless parameters
are collected in Tables 9 through 16 in Appendix C. In Figures 3.10
and 3.11. flux and temperature Rayleigh numbers versus Nusselt num-
bers were plotted. Correlations found by Joshi, et al. [Ref. 10] were
also plotted for comparison. It was seen that having the bottom heat
exchanger insulated improved the cooling at low power levels (0.1 W
and 0.7 W) over that obtained with the bottom boundary maintained at
20° C. This result is expected because now the temperature of the
bottom boundary was 15° C at 0.1 W and 17° C at 0.7 W. At a power
level of 3.0 W, no cooling improvement was observed. The tempera-

ture for the bottom boundary at 3.0 W was 22° C.
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Comparisons with the correlation obtained by Joshi, et al.
[Ref. 10] show a decrease in the heat transfer coefficient when the
lower boundary was insulated. This was evidenced by the lower Nusselt

numbers at all power levels.

36




IV. RESULTS AND DISCUSSIONS FOR VERTICAL ARRANGEMENT

A. FLOW VISUALIZATION

The visualization for this experiment was tried for a chamber
width of 9 mm. As was expected, there was almost no flow in the nar-
row gap between components and the front wall. A boundary layer-like
behavior was observed on the vertical side faces of the components.
The photography process was complicated because the thickness of
the plane to be illuminated by the laser sheet for this chamber width

was only 3 mm.

B. HEAT TRANSFER MEASUREMENTS

Component surface temperature measurements were made for
chamber widths of 30 mm and 9 mm (see Figure 4.1). The power level
range was 0.1 W to 3.0 W. Temperatures of the top and bottom bound-
aries were maintained constant at 10° C. Plots of Nul versus Ray are
provided for comparisons with data obtained by Benedict [Ref. 13].

1. Heat Transfer Measurement for w = 30 mm

Tables 17 through 28 in Appendix C comgile component

surface temperature and resulting nondimensional heat transfer data
for this gap size with increasing power levels. The mean values of the
component averaged temperatures over the nine heated components
were 13° C for 0.1 W and 47° C for 3.0 W. In the range 0.1 W to 1.1 W,

the lowest Tavg levels were on the bottom-row components
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W= 9 mm W= 30mm Al

Figure 4.1 Side View Showing the Chamber Widths
Used in the Experiment
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(components 1. 4. and 7). The observed tendency was that tempera-
tures on specific locations on the components in the top row were
higher than those in the same location on the components in lower
rows. As was pointed out by Liu, et al. [Ref. 11]. the possible reason for
this might be that components in the top row are in contact with
warmer liquid, and the upper-row components are located in the
heated wake regions of the lower rows. Additionally. the stratified fluid
away from the components, which feeds fluid toward the component
rows, is also at higher temperature for the upper rows.

Analvzing individual components in the middle and lower
rows. for all power levels. the minimum measured temperatures were

on the bottom surfaces. This trend is also supported by Liu. et al.

[Ref. 9]. On the top row components, the lowest temperatures were on
either one of the vertical side faces. Maximum temperatures were
found generally on the component surface facing the front chamber
wall. Liu. et al. [Ref. 11] obtained numerically maximum temperatures
in the surfaces facing upward and attributed this to the fact that the
heated flow coming off the vertical surfaces reduced the heat transfer
coefficient at the component top surface. At higher power levels.
oscillations in temperature changed the locations of the maximum and
minimum instantaneous values, but the general tendencies found ear-
lier were still noticed.

In Figure 4.2, a plot of Nul versus Rar is seen. Data obtained
from Benedict [Ref. 13] is also plotted. A linear least squares fit to the

present measurements in Figure 4.2 was performed. This is given bv:
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2
Nul = 0.28 Ra">" in the range 3 * 108 < Rag < 1010

and 15 < Pr < 30.2 (4.1)
and the one obtained with the data from Benedict [Ref. 13] was:

Nul = 0.28 Raj >% in the range 107 < Rag< 2 * 108

and 15 < Pr < 30.2 (4.2)

Comparisons between Equations 4.1 and 4.2 indicate that Nu
appears not to depend on the orientation of the components in the
range of Ray and Pr considered. This is illustrated in Figure 4.2

2. Heat Transfer Measurement for w = 9 mm

In Tables 29 through 40 in Appendix C, component tempera-
tures and resulting nondimensional heat transfer data are compiled.
Decreasing the chamber width from 30 mm to 9 mm produced some
increase in the average temperature of the components Tavg. This
behavior was expected considering that now the surface of both top
and bottom heat exchangers has been reduced to 30 percent of its
former value. The mean value of the component averaged tempera-
tures over the nine heaters for a power of 0.1 W was 14.5° C, 1.5° C
higher than the average temperature obtained with 30 mm width. For
a dissipation level of 3.0 W, the mean value of the components’ aver-
aged temperature over the nine heaters was 51° C, 4.0° C higher than
the average observed for the 30 mm width. The Tavg value increased

from the bottom to the top row, as was also found for w = 30 mm.
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Analvzing individual components on the bottom row (components 1, 4,
and 7). minimum temperatures were found on the bottom surfaces.
Plots of Nul versus Rayg are illustrated in Figure 4.3. The cor-

relation obtained for this chamber width was:

2
Nul = 0.073 Ra(f) 8 in the range 3 * 108 < Rag < 1010

and 15 < Pr < 30.2 (4.3)

This correlation indicates the expected decrease in Nul for

the same Raf, when compared with Equation 4.1 for w = 30 mm.

C. TEMPERATURE FLUCTUATIONS IN STEADY STATE

Oscillations in component surface temperatures following
achievement of nominally steady conditions were measured in the dis-
sipation range of 0.1 W to 3.0 W. Three thermocouples were scanned
at a rate of approximately three times per second for a period of 200
seconds. Plots of surface temperature variations were made in order to
display the long-time temperature fluctuations and compare with
results of Liu, et al. [Ref. 11] and Benedict [Ref. 13]. Figure 4.4 is a ver-
tical arrangement diagram which portrays the location of the scanned
thermocouples.

1. Surface Temperature Fluctuations for a w = 30 mm

Temperature oscillations for this chamber width are illus-

trated in Figures 4.5 through 4.7. It was observed that at all power
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levels considered. there were no temperature fluctuations on the

components in the lower row. Benedict [Ref. 13] documented with
heat transfer measurement and flow visualizations that the stagnant
fluid layver above the bottom heat exchanger prevented the penetration
of warmer fluid, resulting in conduction-dominated transport for the
bottom row of components.

At 0.1 W, a spread in temperature of less than 0.5° T was
observed between the six thermocouples that were scanned. Increas-
ing the power level to 0.7 W, oscillation amplitudes with a mean of
0.7° C were observed in component 6. At 1.1 W, the amplitude
increased to 0.8° C. Benedict [Ref. 13] found that a component at the
same relative location and power level in a horizontal arrangement had
almost no oscillations. At 2.5 W, oscillations of about 1.6° C were found.
At 3.0 W, oscillations rose to almost 1.7° C at the same location. Bene-
dict [Ref. 13] found at 3.1 W for the equivalent thermocouple an
amplitude of 0.85° C.

2. Surface Temperature Fluctuations for w = 9 mm

Plots of temperature oscillations are illustrated in Figures 4.8
through 4.10. At 0.1 W, no fluctuations were found in anyv of the ther-
mocouples scanned. At 0.4 W, fluctuations of 0.3° C were observed in
the top row components. No fluctuations were observed in the middle
and bottom row components.

Increasing the power dissipation level to 0.7 W. no fluctua-

tions were observed in either the middle or the bottom rows. but
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fluctuations of 0.7° C were observed in the top row. At 1.1 W, fluctua-
tions in the top-row components were about 0.9° C. No fluctuations
were observed at the middle and bottom rows. At 1.5 W, fluctuations of
0.2° C appeared in the components in the middle row and reached
values of 1.1° C in the top-row components. At 3.0 W, the highest
power level utilized in the experiments, fluctuation amplitudes on the
top-row components were recorded at 2.0° C. It is interesting to note
that no significant increase in the amplitude of the fluctuations was
observed when the chamber width was changed from 30 mm to 9 mm.
Liu, et al. [Ref. 11] calculated temperature oscillations peak to vallev of
8° C for the 9 mm chamber width. They attributed the increase in the

oscillation amplitude to the fact that now the flow is highly confined.
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V. RECOMMENDATIONS

The design of the present chamber can be improved in many ways

to give more versatility in the following experiments. The rec-

ommended changes that can be made to software and hardware

include:

Placement of the blocks can be done by screwing or attaching
them to the board in a different way to the one used -intil now,
which is bonding the chips to the board with glue. This would
allow the experimenter to change a defective heater or change
the orientation of the chips for a different set of experiments,
using the same board and the same equipment set-up.

To avoid the flow of dielectric liquid to the back of the chamber
through the gaps between the board and the chamber walls that
can alter the heat transfer results or the flow visualization, a small
diameter O-ring can be used. A groove should be engraved in the
board to allow the O-ring installation.

Temperature measurements within the fluid and on the board
surfaces should also be performed.

a Fast Fourier Transform algorithm should be developed to per-
form frequency analysis on the surface temperature fluctuations
data. In addition. improvements in the plotting programs can be
made.

With the present set-up. different combinations of heaters could
be powered. row-wise or column-wise or staggered. instead of the
entire array. This variation might help better to explain the heat
transfer and flow characteristics of the chamber.
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APPENDIX A
SAMPLE CALCULATIONS

A. CONVERSION OF THERMOCOUPLE VOLTAGES TO
TEMPERATURES

(Channels 0 to 60 and 71 to 76, in the data acquisition system)

T=D1 + D2 * Emf + D3 * Emf2 + D4 * Emf3 + D5 * Emf4
+ D6 * Emf5+ D7 * Emf® + D8 * Emf”

where D1 to D9 are the calibration coefficients of the Omega thermo-

couples and are: 0.10086091, 25727.9, -767345.8, 7802-5596.
-9247486589. 6.98E11, -2.66E13, and 3.94E14.

Calculating the temperature found in the thermocouple connected

to channel O at 1.1 W gives:

Emf = 0.995E-3 V
T =24.48° C

B. CALCULATION OF HEATER POWER

Channels 61 to 70 in the data acquisition system are used to mea-

sure the supply voltage (61) and voltage to the heaters.

Power = Emf * (Volt - Emf)/Rp
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Calculating the power dissipated by the heater #3:

Power = 3.408 * (4.085 - 3.408)/2.07
Power = 1.114 W

C. CALCULATION OF THE DIMENSIONLESS PARAMETERS
1. Calculation of the Block Faces Areas
Dimensions of the aluminum blocks are: length 24 mm, width

8 mm. and thickness 6 mm.

Acen =24 mm * 8 mm = 192 mm?2 = 1.92E-4 m?2
Alef = 24 mm * 6 mm = 144 mm? = 1.44E-4 m?2
Arig =24 mm * 6 mm = 144 mm?2 = 1.44E-4 m?
Atop = 6 mm * 8 mm = 48 mm? = 4.8E-5 m?
Apot = 6 mm * 8 mm = 48 mm?2 = 4.8E-5 m?
Aot = XA = 576 mm?2 = 5.76E-4 m?

Tavg = Z(T(D * A(D)iAtot

Calculating for component 3 at 1.1 W:

Tavg = (27.67 * 1.92E-4 + 25.73 * 4.8E-5 + 26.08

* 1.44E-4 + 26.69 * 4.8E5) /5.76E-4
Tavg = 26.630 C
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2. Calculation of the Temperatures at the Back of the
Components

Due to problems in the placement of the thermocouples that
measure the temperature at the heaters, these temperatures were
calculated with a calibration curve for w = 30 mm from data obtained
in Benedict [Ref. 13]. This calibration cannot be applied to the case
where the width of the chamber is very small. In such a case. when
w = 9 mm, a one-dimensional conduction analysis was applied to find

the back temperature.

The best fit for the calibration points was:

T(K) = 14.003957 * Power + 14.517501

So. for 1.1 W,

T =29.92°C

3. To Calculate the Conduction Losses Through the Circuit
Card

Qloss = AT/Rc = 1/N Z(T(I) - Tb(J}}/Rec
Re = L/kKA
Rc = 19.5E-3/(0.195 * 8E-3 * 24E-3) = 520.83 K/W
L = 19.5E-3 m
k = 0.195 W/m.K (plexiglass conductivity [Ref. 14])
A = (24E-3 * 8E-3) m2 = 1.92E-4 m?2
Qloss = (29.92 - 17.31)/520.83
=0.024 W
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4. To Find the Average Sink Temperature
Channels 58, 59, and 60 in the bottom heat exchanger and

channels 61, 72, and 73 in the top heat exchanger.

Tsink = 1/N (ETc + ZThe)
Tsink = (10.05 + 10.1 + 10.02 + 10.11 + 10.12 + 10.13)/6
10.08° C

Tsink

To find the net power dissipated bv the heater., Qper:

Qnet = Power - Qjoss

For 1.1 W and component 3:

Qnet = (1.1 - 0.024) W
=1.076 W

To find the convection coefficient h (from Newton's law of cooling):

Qnet = h * Aror * AT

AT = Tavg - Tsink

AT = (26.63 - 10.08)° C
T=16.55°C

h = Qnet /(atot * AT)

5. For 1.1 W and Component 3

h =1.09 /{16.55 * 5.76E-4)

h =114.342 W/m? K

57




6. To Calculate the Thermal Conductivity of the FC-75

k = (0.65 - 7.8947E-4 * Tgim)/10

where Trjim = (Tavg + Tsink)/2.
At 1.1 W and chip 3:

(26.63 + 10.08)° C/2

Ttiim
Ttim = 18.35° C
k =0.0645 W/m K

7. To Calculate the Vertical Length Based Nusselt Number,
Nul

Nul =h * L1/k

Nul = 114.342 * 24E-3/0.0645

Nul = 42.54

8. To Calculate the Ratio Area/Perimeter Based Nusselt
Number, Nu2

L2 = Z(Ai)/P(i)

L2 =(24 % 8)/64 +(2+ 8+ 6)/(2* 14) + (2 * 24 * 6)/(2 * 60)
L2 = 11.229E-3 m

L2 = 19.905
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9. To Calculate the Density of the FC-75, p (Kg/mS3)

(1.825 - 0.00246 * Tgm) * 1000

P

1779.86 Kg/m3

ko)
I

10. To Calculate the FC-75 Specific Heat, Cp (J/Kg K)

(241111 + 3.7037E-4 * Trm) * 4180

Cp

Cp = 1036.25 J/Kg K

11. To Calculate the FC-75 Viscosity, v(m2/s)

(1.4074 - 2.964E-2 * Trm + 3.8018E-4

,
I

* Tfilrnz - 2.7308E-6 = Tfﬂn]s + 8.1679E-9 * Tfill]l4)E_6

.97557E-6 m2/s

-
II

12. To Find the FC-75 Thermal Expansion Coefficient, B(K-1)

B =0.00246/(1.825 - 0.00246 * Tfiim)
ror 1.1 W and component 3:
B =1382E-3K!

13. To Calculate the FC-75 Thermal Diffusivity o(m2/s)

a=k/p*Cp




For 1.1 W and component 3:

o = 3.497E-8 m?2/s
14. To Calculate the Grashof Number
Gr=g* B+ 13*AT/v2
For 1.1 W and component 3:

Gr - 3255734.402

15. To Calculate the Prandtl Number

Pr =v/«
Pr

27.89

16. To Find the Temperature Based Rayleigh Number
Ra = Gr * Pr
For 1.1 W and component 3:
Ra = 9.08E7

17. To Calculate the Flux Based Rayleigh Number

Rar=g* B* 14 * Qnet/(k * v * a0 * Agot)
Rar = 3.9E9
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APPENDIX B
UNCERTAINTY ANALYSIS

The uncertainty analysis was done using the method of Kline and
McClintock, presented in Holman [Ref. 15]. The calculations will be
done for the end values 0.1 W and 3.0 W, for a chamber width of

30 mm.

A. UNCERTAINTIES IN THE NET POWER ADDED TO THE FLUID

Qnet = Power - Qioss

Power = emf(l) * (Volt - emf(I))/Rp

Power = flemf(l). Volt, Rp)

oPower _Volt-2  emf(]

demf(] Rp

oPower emf(l)
oVoit =~ Rp

JoPower _ emf(l)  (Volt-emf(l))
oRp Rp?

2

Jd power

2 2 2 _]
,.2 a power ’2 a power 2
Wcmf(ll + —5 Wi * B WRpJ
Volt | Rp

P
14 —
W power T [a

emf (1)
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Wems = 0.001 V

(by Resolution in the reading and precision of measuring devices)

(by Resolution in the reading and precision of measuring devices)

Rp = 0.05 Q

(including the added resistances)

For 0.1 W and chip 3:

emf(l) = 1.022 V

Volt

1.225 'V

2.06 Q

Rp

(measured resistance including resistances in the junctions, etc.)

oPower _
demf(D - 0.397
oPower _
TVolt =0.496
JdPower — _0.0488
oRp ~

an
2i
|
-

2 2 2 2 2
W oower 2[(—0.397) -(0.00D +(0.496) -(0.000 +(-0.0488) -(0.05
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“Vpo\ver = 0.00252 \YY

Woower  0.00252 W _

= O

Power = 0.1W 2.5%
AT
Qloss - Re

where AT is the difference in temperature between the back surface of

the chip and the back of the board.

Q = f(AT. Rc)

aQloss _ 1 - Qloss _ AT
0AT ~ Rc  9Rc ~ Re?

For 0.1 W and component 3:

aQ]oss _ 1
0AT ~ 520.83 K/W

=0.00192

aQ loss O 12OK -7
TRT =———75=-4.424x 10
(520.83)

) 2
. l —AT
1% Qloss = Kﬁ?) Wi+t ( Rc? )WRCJ

War = 10% = 0.012° C
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Wge = 10% = 52.083 K/W

2 5 :
wQ, :[(0.001922 -0.01Z +(-4.424% 107) - (52.083) J

3

wQ, . =(5.352x10"°) =3.258E-5

‘/VQ loss 1
— =0.14=14%
Qioss

2 2]
WQ, =[(Wpu} + (WO, Y]

1
2

2
wa. .. :[(O. 00252 +(3.258x10™°) J

“’Qne[ = i'0025 \%Y

W

net
— =12.5%
ant

IThe uncertainties in the losses are relatively big, but they do not
have a large effect on the final undertaking.

64




For 3.0 W and component 3:

emf(l) = 5.647 V

Volt = 6.762
Rp = 2.06Q
gg%%%§=-22
é%%ﬁ?w:274
Lf’g)};_‘;_r =1.484

2.0y

W

“'IDO\VCT = 0.74 \V

w
power  0.074 _
DOWET = 3.0 =+x2.5%

annss _ 1
dAT  520.83

k/w=0.00192

anoss _ 2168 _ 7 993E 5
- —————2 ==-/. —_
IRC (590,83
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WQ.  =1(0.00192" - (2.168) + (-7.992E -5)" (52.083)"

WQIOSS = 0059 W

W9, 14.14%
- = . (¢}
Qloss

z

WQnet = [( Wieer )+ (WQ,0, ) }

2

[(0.074) d
WQnet=[(0.074) +(0.0059)
“’Qnet = _'+__00742 \\7

wQ 950
Q.. U7

B. UNCERTAINTY IN RAYLEIGH AND NUSSELT NUMBERS
Starting with:

Qnet = hA¢ot (Tavg - Tsink)

h _ ant
A(ol(Tan - Tsin k)
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h = f(Qnet- Atot~ AT)

oh _ 1
aQ net Atot ( AT)
oh _ _ G
anoz [\ml(AT)2
oh Q e

= 2
aAT A ot (AT)
for 0.1 W and component 3:

A, =5.76x10"m” (for all components)

dh__ L - 574.87
Q.. (5.76x10 ')(3.02)
b _ 0.1 = -99804.03
Ay (5.76x10)(3.02)
oh -0.1
: - =-19.035

dAT (5,76 % 107*)(3.02)

dh

ah 2 2
7 2
] uan‘ +[8Alol

=
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“rgnet = iOOOQS \V

WL =105 m

2

[(10 ) 4 (10°° )J = 1.41E -5 m?

Wat = 1% = 0.03° C

i 2 2 2 2 2
W, =1(574.87) -(0.0025) +(99804) -(1.41E-5) +(19.035) -

W, =(2.065+0.019+.3260)

=+2.09 W/m2 K

Wf
h 2.0 _ o
h ~57.487 ~1264%
For 3.0 W and component 3:
oh__ L - 45.52

Q.. (5.76x10*)(38.38)

oh 3.0
- = = 7.
- - 235597.84

oo (5.76x107*) (38.38)
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oh _ 3.0
IAT  (5.76 x 10°)(38.38)

—=3.536

!— 2 2 2 2 2 2]2
W, =((45.52) -(0.0742) +(235597.8) (1.41E -5) +(3.54) - (.38

Wh = £4.92 w/m?2 K

W, 4.92
_h _ 4 _ 0
h ~ 1357 =3.63%

To find the uncertainty of Nusselt Number:

h,
M
Nu = f(h, L. k}
oNu L
h k
JNu h
dL Kk
oNu _ hL
ok k°

Since the thermal properties of the FC-75 (dielectric liquid) are

values that depend on film temperatures, it is considered that there

are no uncertainties in these values.




K =(0.65- 7.89474E -4 - T, _)/10

Tavg + sin k
Tﬁlm = 2
For 0.1 W and component 3:
W
K=0.064 m K

Tgim = 11.51° C

ONu _ 24x107m
ok  0.064w/mK =0.374

ONu  57.487
= { -939529
ok  24x107°

. -3
ag}? :57.487x242x 10 -336.84
(0.064)

7

2 2 2
e | ONu 2 (aNuj (aNu) ,_2}
\KNU—[LEH{)W% +| 5L W+ S WK |

1
2

[ 2 2 2 -5 2}
WNu =1(0.374) -(2.09) +(2395.29) - (10™°)
WNu = +0.78
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WNu 0.78

Nu —2155° 0.036=3.6%
For 3.0 W and component 3:
W
k. = 0.0627mk

Triim = 29.2° C

ONu 24x10°m

oh - 0.0607 -0-382
INu 1357

- — -5654.16
L 24x10°

=

[ 2 2 2 -5 QJ
WNu =1(0.382) -(4.92) +(5654.16) -(10°)

WNu = +1.88

Whu 1.88

—_— O/.‘
Nu -5194 - °62%

Ra =Gr, Pr

gBL'Q

Gr. =
f k fvalol
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Pr=—

Gro=f(gBL"Q,, k. "A,,)

Consider fluid properties without uncertainties.

aGrf . gBanl
- 2
aL4 kl.V A[ot

dGr, gpL*

t

0Q ., - k VA

t

oGr, gBL'Q,.
aAm[ B kfvaz

tot

For 0.1 W and component 3:

B = 0.00137 K-!

w
m.k

k, =0.064

2
v=1.11259E-61

oGr

4

oL

f

=2.94E15
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doGr

f

o - 9.76E7
8Grf
A =-1.69E10
H”’aG Y aGr. Y 3G é
- Dol w2y T T |
HGrr—[,\ — )u L *[agm] w'Q o+ aAm] WA

[ 2 2 2
War o (2.94E13) (5.5 E-10) +(9.76E7) - (0.0025)
" 1+ (1.69E10) - (4.8 E-7)° )
WGr, = [2.6E8+5.9536E10 +6.5E7]’
Warp = 2243569
154
Gr,’ - 243569 - 2 50/0
Gr, 9.67E6 ~
WRa, = 2.5%
For 3.0 W and component 3:

B=0.014K!

LY
-t




\w:080402x10*ﬂ§—

A%
kf = 0.0627 oK

JGr

L -17.6E15
oL
Sl 19.5E7
Q.
T omi2
—a = 1.OEl

~1

2

2 2 2 2 2
WGr, = (17.6E15) - (5.5E-10) - (19.5E7) - (0.0742) ~(1.0E12) - (4.8 E-7) _

7

WGr, =[9.3E13+2.09E14 + 2.38E1 1]

WGr, 17405183 _, o,
Gr. 584920180 < 77°

f

“V'Rax— =2 .90/0
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APPENDIX C
TABLES

TABLE 1

TEMPERATURE DATA FOR INPUT POWER 0.1 W
BOTTOM BOUNDARY AT 20° C
SUTUUTT WREOLTURED DOFIoDr niolvAts
ok BIE
TCooECal THE PL105 0
CHANCER TEHF L tn-og o0
SLL TEMPCRATURES nRE [H DEGREES CELUIUS
CENTER 108 RIS LEFT EOTTO™ B
17,4860 17 47Ee00 17, S4EU0 EPRNIRRE
VILaTECQn 17 41E«ND 17 a7Ee0D VPLUERE SN
VTOTEESON 1T I2E-00 17 23000 17 RTE D

17.aafs00 15,600 .00 17 APESOD T G T

17 nAED.nn 1T DHESaN 17, CaEeRn VT RSE e

17 arEeng 17, 30E00 17 CSE 00 10 LlE

At n T 4] SOTLE - [N GRS

T8 e T oTatann 10 RZERAN 17, Rdfeen 17.55E400 0 17074800 vt

FOWES tphiaT T V0 0as -]

HIT Hemr o (7 ORACeUN  T7.R7E.ud U7 SREESN0 17 62000 LT
FOMEF | 1. 07e-0

- <t
S SR AT 17 17, a0 LTL3NESON 17360400 HEEE S

VLR CERS TEMPERATURE 5
10,0700

S 13,37F e

Loy B b TEMERGGRLD 4

T I o

TS v C
Tty Sl oi1n
T2 ST sn
IR S SN
oA [ RAECR RSN
T iR b ety
R4 i ol

~J
[9)]

LT L e}




TABLE 2

TEMPERATURE DATA FOR INPUT POWER 0.7 W
BOTTOM BOUNDARY AT 20° C

Rzl Ty aRE CTORED IMFILED nEalt7trT
GUETENT TEnRF da.4
COUTHETER READING 0 3.2t Y
HEQT EACHAMCER TEMP.: 10-20 ¢
ALL TEMPERATURES ARE IN DECREES CELCIUS
CENTER 10P RIGHT LEFT
CHIP DY 24,74E+00 24, 02E+00 23.96E+0Y  24.00E+00Q
PUOMER (WATTS)Y: 70,27E-02
CHIP N2 24, 7HE+00 23,9840 23,6E+00 23.54E+00
POWER (HATTS) 70.83E-02
CHIP MO 23.97E+0N  23,598.00  C2.59E+0n 22.55E+L0
' PORER (WATTS): 70.79E-0C
CHIP MOE: 24U 30E+00 22, 71E«0l 23.E0E+un 20.65E+00
POWER (WATTS):  70.032-02
CHIF MRS 24,26E+N0 22, 4RE+00 23.49E+00 23.37E+00
POWER (WATTSY:  70.38E-0C
CUIP MR 06, T3E+N0 2405500 23,448 +00 O2.BHE+ND
POWER (WATTS):  7C.2RE-0C
CEONAT 24,355 +00  24,a78e00 24, 0cE 0 23.81E+00
POAER (WATTSY: 771,13 8-0]
CHTUONNR: 24, 27E00 Ja tabean 24,0780 PR R
PUWER (WATTS):  71,40E-00
ISnnGs 20 ANE N0 22.7aE 00 23062840 22.50E+00
POWER (WATTS):  78.848-00

OUERANT HEAT EACHANGERS TEMPERATURES!

BOTTOM: 10.0nE+0n
0P 20, 0nE+Qn
BACK PLANE TEMPERATHRES ARE
T(GS):  20.233E+M)
TR 21.20E+00
T(S7Yy:  20.72e+00
T(72): 21.32E+00
T(73):  21.10E+00N
Te7ayy  21.506+00
Te75): 21,030 +00
T(7R):  21.18L+00
Te77):  21,226+00

76

BOTTOM

U

L0age0o

.80E+00

LS0E+0D

3.608+00)

3.G3E+00

LDEESDD

Lrak ean

ey

LA4E 00

BACH

~)
~J

JOTE 60

2ELBRE 10

ST, Y E AR

JC.L At el

LAFE «ng

J7LETESDD

STLENE 400

AT e )

TN e

s




TABLE 3

TEMPERATURE DATA FOR INPUT POWER 1.5 W
BOTTOM BOUNDARY AT 20° C

BHETENT Toup
VOLTHETER READING o 4.7002 Y

HEAT EXUHANGER TEMP.: n-29 C

ALl TEMFERATURES ARE IN DEGREES CELCIUS

CENTER 0P RIGHT LEFT BEOTIOM ALY

CHIP MO 33,28E<00 21 ,29E+0f)  31,67E+00 21, e2B+00 31.31E+0N 3I7.82E+00
FOWER (WATTS): 15.178-m

CHIP OHNZ D 33L,I2E+90 0 31 21Esnmy JELECES00 20.628+00 0 31.,2C8g+0N 2H.82E+00
POWER (WitdTT5) 1CTEE-Y

CHIF NOZ: 21,228+00 0 31,26E+00 0 30,32E+00 0 2076400 0L R3EYN Qg TEF 0N
POWEFR (WRTTS) 1C,13E-0%

CHIF 04D 22.0RE0N 3T LS2E0N 31.Sabsnd 27.35E+00  31.60E+00 I RTE N
FOWER (4 TTS5): 14, 38E-01

CHIP NGBS 22.SREA0N0 20, 28E-00  30.60E400  30.A44E+00 31, 30E4dD 34, RTE+ A0
POWMER (WRTTSY: 1S, figE -1

CHIPOMDE: 0L 27ELQN 32.,798.n0 I0LJEEH00 T1TUTRE+D) 22,43E+00 4, 50E«00
FOWER (WATTS: 15,01E-00

COF NG 2T 72BN 32, %af-0g 21,2 E.n0 21 3k end 31, 37800 2. E A
FOWER (H&GTTS ) 18,23~

THIF MR 2 AR enn 31, BaEen 31704000 3T LaRE0D0D 3TL2SESON 4, e
POWMER (HATTS):  1G.2RE-11

CHIPD NN 21 ,47E+00  31,20E+00 31128000 20, 20E+00 0 31.01E+00 ITLANE N0
POWEF (WATTSY: 15, 14E-01
AVERAGE HEAT EXCHANGERS TEMPERATURES: Al

ROTIOM: 10.08E+00
0P 20.04E+00

BACH PLANE TEMPERATURES AKRE

TEUES Y 23.,47E400
TCSEY Y 24.51E+00
7667 25.06E+9D
Te72): 24.93E+00
TiL72y: 24.857E+00
Te74)y:  24,85E+00
Te7%): 25,108 +00
TEse s 24.43E+00
Te77y:  24,51E+«01
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TABLE 4

TEMPERATURE DATA FOR INPUT POWER 3.0 W
BOTTOM BOUNDARY AT 20° C

RELILTI ARE STORED 1M FILE:  0204174S
BHETENT TEMP Ja.t w
COLTHETER READING ¢ B.RUT WV
HEAT EXCHANGER TEMP.: 10-z0 C

ALL TEMFERATURES ARE [ DEGREES CELCIUS

CENTER 108 RIGHT LEMT BOTTOM BAC
CHIP NOL: 4%.475+00  45,6SE«00 45, 44F+00) 46.136+00 45, 78E+100) 66.26E+00

POWER (HATTS): 29.74E-M
CHIF H02: 48,.32E+00 45, 237E+00 46.32E+00  44,51E+90  46.02E+00 S6.12E+N0
POWER (WATTSY: 293.772E-01%
CHIP HG2: 44, 52E+D0  45.S7E+00  45,04E+00  42.528E+01 44,608 +00 1, 206+00
POWER (WATTSY T 29.63E-01
CHIP ND4: 4% 59E+N0 65, 17E+00  45.77E+00  42,62E+00 46,27E400 Sa,39g +un
POWER (WATTSY:  29.33E-M1
CHIP NOG: 42, 63E+00  47,22E+00  45.13E+00 44,758+00 ap  al2E+0n CI.G3E~nD
POWER (HETTSY:  23.51E-01
CHIP NAE: 37.805+00  4Q,K4Fs0n 4%,04E+00  45.7C0E+00 47 ,Q5E+0n0 ERLESE N
POWMER (WATT Y 249.49E-01
e NOT: S 12000 4R, 07EeNy 47.,4%E400 4n SIEDN A7, 28E 00 Gose ey
POWEIR (WATTS):  29.82E-01
CHTP MR 40, g3E e 47 05E40N 47.09FE+00 a5, 558400 45,3538 +00 7L 3aE 0N
POWER (HATTSY Y Z29,.31E-01
CHIP NO9: 64,375+00 45 7RE+00  45,S57Es00  45.11F+00 a4, 73E+00 I R

POWER

(WATT5):

29.63E-01

AVERAGE HEAT EXCHANGERS TEMPERATURES:

BOTTOM: 10.38E+00
T0P: 20.08E+00
BACK PI ANE TEMPERATURES ARE
TCESy: 31, 4RE+00
T(S5s): 32.62E+1N0
TIS7):  34.30E+00
T(72): 33.38E+00
T(731: 2. 78E+00
T(74): 3.27E+00
TC75): 33.29E£+00
T(765Y:  32.42E+0D
T(727):  32.42E+D0
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TABLE 5

REDUCED DATA FOR INPUT POWER 0.1 W
BOTTOM BOUNDARY AT 20° C

TRE Sepd Ead Daly sRE CFROM THE 7 Iof: ALNDats
THE FOHER SETTING PER CHIP WAS: .1 N
CHIE THET () Tava-Ts N UG T iy
23,92 -3 74,62E-01 29, 10E-M 1 L2E 0

T

~J

TEMPERATIRE BASED RAYLETCH MHMEER < £-7 IS: 1?9.7:E!U3

AOUNCERTAINTY IN THE TEMPERATURE RASED RAYLEICH HUMPRER 1% 11724,

FLUX BASED RAYLEICH NUMBER + E-8 1S: 406.52E-04
Y% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IG: 452.%4f-nt

299.94E£-03 74, 1cE-01 27.26c-01 t2 SaE-01
TEMPERATURE BASED RAYLEIGE NUMBER « E-7 T0: 128 74E-03
7 UHCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER 5 (125,
FLUX BASED RAYLEICGH NUMBER » E-8 I5: 40%.37E-n4
A UNCERTAINTY IN FLUX RASED RAYLEIGH NUMBER IS5: 458.37E-4S

9%, BAE-N2 71,595-07 30, 26E-01 12,93 -01

TEMVERATIRE BASED RAYLEIGH MNUMBER « E-7 IS: 123.570-43

O UNCERTAINTY IH THE TEMPERATURE BASED RAYLEIGH HUMBER IS :123.8

FLU vaSED RAYLZTCH HMUMBER » E-3 IS: 403.37E-44
%OUNCERTAINTY Ih SLUY BASED RAYLEIGH MUMBER IS: 453,88E-D%

98.54E-03 70, 22E-01 20.526-01 Ta, 25E-1
TEMPERATURE BASED RAYLEIGH KUMBER « E-7 I1S: 120.27°E-02
LOUNCERTAINTY IM THE TEMPERATURE BASED RAYLEIGH NUMBER IS 147,
FLUX BAGED RAYLEICGH NIMBER + E-8 J2: 299,729E-04
A UHCERTARINTY IN FLUX BASED RAYLEIGH NUMBER IS: 464,C2E-NG

39.0uc-03 75.16E-01 22,8401 ta.a28-00
TEMPFERATURE BASED RAYLIICGH HUMBER »+ E-7 15: 140,72E-03

YOUNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH HUMBER 15 :12:.0

FLUXY BASED RAYLEIGH MUMBER <« £-8 IS: au3,22E8-04
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER I&: 46Z.64E-0%5

93.325-03 ar, Hie- 23,435 -0 PO, 32E-Mm
TEMPERATURE BASED RAYLEICH NUMBER » E-7 151 174, 7CE-02
OUNCERTAINTY IH THE TEMPERATURE BaASED RAYLEIGH HUMBER 17 107
FLUM BASED RAYLEIGH NUMEER « [£-8 IG5t 410.50E-04

nOUNCERTAINTY IN FLUX BASED RAYLEIGH HNUMBER IS: 4K3.23E-0G

10,028 02 76.8CE-01 ~RL7E-N 12 20E-01
TEMFERATURE BASED RAYLEIGH MUMBER » -7 [5: 1a2,.12F£-073
9 UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH MNUMBER IS :127.
FLUX BASED RAYLEIGH NUMBER =+ E-8 [S: 40R.40E-04
% UNCERTAINTY IN FLUX BASED RAYLEICGH NUMBER IS5: 4%57.14E-0%

10.05E-02 75.98E-01 28.75E-M 13.13E-01
TEMPERATURE BASED RAYLEIGH MUMBER » E-7 I5: 142.45£-03
% UHCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :131.
FLUX BASED RAYLEIGH HUMBER * E-8 [5: 4n%.53t-04
7 UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 455.8%3E-05

99.72e-02 73.00E-01 23.68E-01 13.728-01
TEMPERATIURE RASED RAYLEIGH NUMBER # E-7 I5: 126.42(-03

% UHCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH HUMBER I5 107,

FLUX BASED RAYLEIGH NUMBER « E-R IG: 4na,3ag-14
4O UNCERTAINTY IH FLIPY BASED RAYLEIGH HNUMEER [<: Atz &lE-nG
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TABLE 6

REDUCED DATA FOR INPUT POWER 0.7 W
BOTTOM BOUNDARY AT 20° C

THE AW cmd DATA ARE FRON THE FILE: grolt7t7

THE FOWER SETTING FER THIF WAS! N.7 WATTS
SHETCHD Tawa-Ts Hu AUNC TH Hu
TO.20E-02 14, 248+00 10,768 +00 70, 34E-0C

TEMFERATIIRE BASED RAYLEIGH HMUMBER « E-7 1S: 237.08E-03

7 UNCERIAINTY I[N THE TEMPERATURE BASED RAYLEIGH NUMBER I5 :702.0

FLUX BASED RAYLEIGH NUMBER « E-8 I5: 308.85E-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 231.59E-04

/1
TEMPERATURE BASED RAYLEICGH MUMBER » E-7 IS: 283.28£-03
% UNCERTAIMTY IN THE TEMPERATURE BASED RAYLEIGH MUMBER IS :711
FLUX BASED RAYLEICGH HUMBER » E-3 [I5: 308.10L-93
% UNCERTATINMTY It FLUX BASED RAYLEIGH HUMBER 1S5: 231.71E-04

7N, 16E-02 ta,N8E+00 10,328 +00 71.16E-02

70.03E-0¢ 13,66E+00 11, 1BE+00 72.32E-0¢
TEMPERATIURE BASED RAYLEIGH MUMBER « E-7 IS: 277.R3E-N3
7 UNCERTAINTY 14 THE TEMPERATURE BASED RAYLEIGH NUMBER 1S 732
FLUX BASED RAYLEICGH MUMBER * E-8 IS: 206.03E-13
% UNCERTAINTY IN FLMM BASED RAYLEIGH NUMBER I5: 232.17E-04

L3CE-u2 CINE+0D 11.54E+00 LA7E-02
TEmrgomupr BASED RarLfIrH NOMBES « E-7 Ii:  280.8n¢- ‘.‘f

% UMCERTAIMTY IN THE TEMPERATURE BASED RAYLEICH HUMBER IS :764.

FLUX BASED RAYLEIGH HUMBER + E-R IS: 30!'.00E-02
% UNCERTAINTY IN FLUX BASED RAYLEIGH MNUMBER IS: Z234.54E-04

53.61E-02 12,71E+00 11.08E+400 73.06E-02
TEMFERATIRE BASED RAYLEIGH HUMBER « E-7 IS: 274.31E-03

LeVE-07

LB4E-0T

she-13

% UMCERTATHIY [N THE TEMPERATURE BASED RAYLEIGH MUMBER I :730..0

FLUY BASED RAYLEIGH NUMBER + E-3 [S: 7204.27E-03
% UNCERTAINTY [N FLUX BASED RAYLEISH NUMBER IS: 233.578-04

53.49E-02 14, 67E+00 10.355*00 63.30E-102
TEMPERATURE BASED RAYLEIGH MNUMBRER » F-7 I=: 227.02E-03

% OUNMCERTAINTY IN THE TEMPERATURE BRASED RQYLEICH NMUMBER IS5 :587.

FLIJY BASED RAYLEIGH NUMBER » E£-2 I5: 307.22E-93
% UNCERIAINTY [N FLUX BASED RATLEIGH MUMBER IS: 232.95E-14

70.428-02 14,228+00 10.728+00 £3.95E-002
TE”FEQQTUPF BASED RAYLEIGH NUMBER « C 7 1S 298.9%E-03

7% UNCERTAIMNTY IH THE TFMFEPOTURE BASED RAYLEIGH NUMBER IS 1639,

FLUX BASED RAYLEIGH MIMBER + E-R [S: 310.07£-03
% UNCERTARINTY IN FLUX BASED RAYLEIGH NUMBER IS: 230.338E-04

70.53E-02 14,06E+00 10.236E+0N 71.25E-02
TEMPERATURE BASED RAYLEIGH NUMBER + E-7 IS: 232.84£-03

.

% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :71..

FLUX BASED RAYLEIGH NUMBER = E-8 JS: 310.07E-03
7 UNCERTARINTY IN FLUX BASED RAYLEIGH NUMBER IS: 230.18E-04

70.078-02 12.67E+00 .18E+00 72.27e-02
TEMPERATIRE BASED RAYLEIGH NUMBER E 7 15 273.90£-03
% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH HUMBER IS 1732

FLUX BASED RAYLEIGH HUMBER ¥ E-8 [5: 1306,23E-93
% UNCERTAINTY IN FLUX RASED RAYLEIGH NUMBER IS: 232.01E-04
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TABLE 7

REDUCED DATA FOR INPUT POWER 1.5 W
BOTTOM BOUNDARY AT 20° C

Toen RO
b b L]

S4Tad DATa ARE FSOM THE FILED 0N toong
LE FOMER CETIING PER CHATP WAS: 1.5 WATIS

CReIR JHE TN Tava-T Hiy W TNl

]

i 16, 00E-nt 22.080+0n 14,90E+00 4%, 2800
TEMPERATURE BASEN PA(LEIGH NUMBER + E-7 15: 47a.20E-02
7 UNCERTAINTY IN THE TEMFERATURE BAGED RAYLEIGH HUMEPER Is 14553
FLUX BASED RAYLEICH NUMDER + E-8 IS: 722,22E-03
7 UNCERTAINTY [N FLUX BASED RAYLEIGH NUMBER It: 226.19f-04

Py

g0

2 V4,008 - V.7 SEOD 1C.13E+00 ag 12k-02
TEMPERATIURE BASED RAYLEIGH NUMBER + E-7 I7: 475 2FET-N2
v UMCERTAINTY jH THE TEMPERATURE BASED RAYLEIGH NUMBER I5 canL 7R -3
FLIY BASED RAYLEIGH HUMBER » E-8 I%: 713.11E-03
w OUMCERTAINTY IN FLUX BRSED RAYLEICH NUMBER [5: 22G.2FE-04

2 1o, 9RE-M1 20.92E+00 16, RRE+QD 40,928 02
TEMCERATURE BaSED PAYLEIGH HUMBER < E-7 1S: 453.6CE-02
Y UNCERTALINTY [N THE TEMPERATURE BASED RAYLEIGH NUMBER 15 47, BRE 02
FLUY BASED RAYLEIGH MNUMBER + £-8 1€: 711,286-703
“ UNCERTAINTY IN FLUX BASEL RAYLEIGH NUMBER I%: 220 71E-0

a ta,31E-a1 21.0aE+00 15.42E+00 a7, B2E-07
TEMPERATURE BASED RAYLEICGH HUMBER » E-7 15 4t 7 0Ng -un
S UMCERTAIMTY IN THE TEMPERATURE RASED RAYLEIGH HUMBER IS 1475,
FLIY BASED RAYLETIGH NIMRER » E-# [G: 705.08E-07
Y UMCERTAINTY IN FLUX BASED RAYLEIGH HUMBER 15: 223.,Q2E-0¢

~3
8al
Ty
)

< 1u.P78-91 21 18E 00 12.,428+00 a7 g -
TEMEERRTURE BASED RAYLETCH HUMBRER < £-7 I9: as9,otp-nz
v UMCERTATHTY IN THE TEMPERATIRE RAZED REYLE TGN NUMEER 15 1477, dap 0
o BASED RAYLEICGH HUMPBER + E-2 [5: 02,31k -
v UNCERTAINTY IN FLUX EASED RAYLEIGH NUMBFER I5: 227.078-04

[

o
27
(™)

5 14,24E£-01 17,7700 12, 2RE400 ti, 280 02
TEMPERATURE BASED RAYLEIGH NUMBER » E-7 IG: 272.788-13
©UNCERTAINTY (1 THE TEMPERATURE BASCD RAYLEIGH HUMBER 15 :1663.37°C-17
FLUY BASED RAYLETGH MUMBER + £-8 T2 A320L7.E-00
" UNCERTAINTY IN FLUX BASED RAYLETCH NUMBER IS: 227.65E-04
1

7 16, 0aE-n1 22.338+00 14.78E+00 44.,90£-92
TEMPERATHURE RASLD RAYLE IGH MUMBER + £-7 15! 4931.49%E-03
* UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER 1S tany, 23F-03
FLUY BASED RAYLETICH NUMPER » E-2 [S: 726.23E-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 224.56E-04

2] 15,09E-91 JY.76E 400 15.20E+00 46.)6E-02
TEMPERATURE BASED RAYLEIGH MUMBER » £-7 15: 476.17E-02
2 UNCERTAINTY TN THE TEMPERATURE BASED RAYLEIGH MUMBER IS5 $460.0BE-1U3
Fii¥ BASED RAYLEIGH HUMBER » £-8 [G: 7123.92E-07
7 UNCERTAIMTY IN FLUX BASED RAYLEIGH NUMBER IS: 223.36E-04

3 14,37£-01 21.07E+0N 16.58E+00 47.538-07
TEMPERATURE BASED RAYLEIGH NUMBER + £-7 IS: 457.63t-93
7 UNCERTATHTY [H TUE IEMPERATURE BASED RAYLEICH MIMRER 15 Ta7% . 2307
FLUY BASED RAYLEICGH MUMBER = E-8 [5: 712.32E-02
% UNCERTAINTY IN FLUX BNASED RAYLEIGH NUMBER I%: 22G.53E-n4
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TABLE 8

REDUCED DATA FOR INPUT POWER 3.0 W
BOTTOM BOUNDARY AT 20° C

THE Zetd Eaf DATA ARE FROM THE FILE: ARIERER
THE FUWER SETTING FER r4IP WAm: 3.0 WATIS

JHET O Tawo-T3 tha ARSI S R T
2%, 4001 16, 29E 00 SR AL 27.67E-00
TEMPERATURE BASED RAYLETCH NUMDER + £-7 [S: 236.63E-03
7 UNCERTAINTY IN THE TEMPERATURE BRSCD RAVLEICK HUMBER I5 176,

FLI{ EASED RAYLEIGH MUMBER + E-§ IG: 1€8.209FE-02
7 UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER I5: 194,60E-04

29.41E-01 26 . 68E+00 18,25E+00 22,138-02
TEMPERATURE BASED RAYLEICGH MUMPER » £-7 IS: 915.94E-072
» UNCERTAINTY IMN THE TEMPERATURE BASED RAYLEIGH HUMBER IS :230.
FLUY BASED RAYLEIGH NUMBER » E-8 I5: 16/7.20E-0Z
OUNCERTAINTY IM FLUX BASED RAYLEIGH NUMBER IS: 134.65E-14

29, 2kE-M1 32.82E+00 19, 20E+00 2
TEMEERATURE BASED RAYLEIGH MUMBER » E-7 156: 202, 23b-
CTUNCERTATHTY IN THE TEMPERATURE BASED RAYLLIGH WUMBER I% : 236,
©L BASED RAYLFIGH MUMRER « E-8 715: 1R2,6EE-0Z

4 UNCERTAIMTY IH FLUX BASED RAYLEICGH NUMBER 15: 195, 005-n4

[solinal

29.uRE-0t 25.R6E4N0 18.05E+00 29, Tag -z
TEMPERATURE BASED RAYLETIGH NUMBER » £-7 150 Q1. 27E-07
SUNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS 1280,
FLUY BATED RAYLEIGH NHUMBER » E-2 IZ: 1AS.19E-02
% UMCERTAINTY IM FLUX BASED RAYLEIGH NUMBER IS: 196.99E-D4

223.13E-01 35,276+00 15,325+01 Je,4sE-02
TFUFERATURC BAGED RAYLEIZGH HUMBER = [-7 I5: 9Nt A2E-03
© ONCERTAINTY [N THE TEMFERATURE PASED RAYLEICGH NUMBER 1% M
FLI PASED RAYLEIGH HUMPER + E-8 I5: 165,19E-02
% UNCERTAINTY IN FLU¥ BASED RAYLEIGH NUMBER IS: 126.17B-0¢

N

29.0°E-01 22,37E400 19,35E+00 0L EE-N2
TEMPERATURE BASED RAYLEICH MNUMBER « E-7 IS: 8n4.Nop-02

OUHCERTAIMIY IM THE TEMPERATURE BASED RAYLEIGH HIJMBER IS 1a202.:

FLijY BASED RAYLEIGH NUMBER » E-8 IS: 152.62E-0C
< UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER [S: 196.89E-04

29.5nE-01 37.54E+00 17.42E+00 2€.74E-002
TEMPERATURE BASED RAYLEICH NUMBER + E-7 [S: 381, aaf-13
% UNCERTAINTY [N THE TEMPERATURE BASED RAYLEIGH NUMBERTIS :265.
FLUX BASED RAYLEIGH NUMBER * E-8 IS: 170.39E-02
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 194.07E-04

29.53E-01 MWW 23E400 18.03E+00 27.71E-02
TEMPERATURE BASED RAYLEICH MUMBER » E-7 15: 934.83E-02
% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :276.
FLUX BASED RAYLEIGH MUMBER » E-P I5: 163.15E-N<
% UHCERTAIMTY IN FLUX BASED RAYLEIGH MUMBER 15: 123.51E-04

29.37E-01 34.236+00 16.98E+00 29.3%E-02
TEMPERATURE BASED RAYLEIGH MUMBER + E-7 [IS: 266.10L-03

% UNCERTAINTY [N THE TEMPERATURE BASED RAYLEIGH NUMBER 1% 12225

FLIUX BASED RAYLEIGH NUMBER * E-8/ I5: 1R4,47E-02
% UNCERTATHTY IN FLUY BASED RAYLETIGH HUMBER I5: o 1734,95E-04
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TABLE 9

TEMPERATURE DATA FOR INPUT POWER 0.1 W

BOTTOM BOUNDARY INSULATED

W TTORESVLTE Ak TTORET DT NS
T OTENE ey Do
ETER FEADING WnD 2 e Y
TEAP WaZ: Voo L
ALL TEMPERATINES ARE 1 DELGREDS B 2000
CRHIIER Tor Rlit Leet (AL

CRTE N 1S 20Eepn 1T Tt E LR 15, 980 16, 20 enn e
POWER (WATIS) D 10.02E-00

CETE NOD: 15, 37EsR0 10 RET g DT UGGE N0 10 3T 18
POWER (WaiTT<i: Ty nsE -0 n

CHIE MO 1T TrEang YEURET N VO TR N 16 G0 e v
POWER TWpaT TS 10 PLE -0l

CHIE o0 1 T ey (ST oCado NG TIbaan 0T Galean 1
POWER e TiTy G420 -0

CHIP OASY GTLICEedn 1S 2TF g 1D %af eyt 150 TEaena tE
POWER (WATTI 3. 048 -0

IR ONGEL 1T AN an 0 TSEend 1D 7N TELTHESA 1D
FOWER (Mplios: 0. Jar-n

I St PR RS A S| PTThiaan E TiE.n e
POWER 4L|,';T“':" 4o “"l'\

S I R L P U I S S U B A MR PR L
POMES T iy tu sub-ng

CHIFOUDAT 1T TSraay 1S anfesn 1S A2Te000 18.53Eenn 15
POWP R e T ST N

|
"

[VARE ]
P

ConennERC TEMPERATURES:
BELTIOM:
T

sI1

-0t

i

0

st takan
™ rm

LY -

[

BaCH PLANE TEMPERATURES ARE

LI e20

feos): 14

TiIge: 16, 41E+00
Tegzy:y 1L IE-GD
Te7oys 16,73E400
e/ 1A, 7RE+N0
fe7ayy A7, Z6E400
Te750 1R.45E 0D
TUigYs 16..50+0N
Te771: 16.RIE+ND
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TABLE 10

TEMPERATURE DATA FOR INPUT POWER 0.7 W
BOTTOM BOUNDARY INSULATED

BT e TOTULTLOARE STORTL 1N € n92Inrer
CELENTOTEHR 40t 1.0
THE LD READLHG wnd: L 00
EaTH TEMP HASD 10 C- D
ALL TEMPERARTURES ART Ih DECREES CELCIUS
CENTER ToP FIoHT LEFT ROTTOM

Z2.89E+00 0 22.84E+0n 22 BRE 4D 2t
SXVIRD N 2202084090 2265 +00 o5
DOLENE ey 22 47E 00 22 74E +NN0 o4
R S ] C2LPTEsG 22 RTE 0N S
LAE-0
TL2O0 sy 22 U20E R0 I2.27E .0 I2UYaE 00 22800400 b
(WATT ) THLoRE G2
ELSRTenn 2270000 22 02E00 22030400 19,28+ 00 25
7uua, : JULYEE ug
SEed SRO1SEsna 2 anfean  I2ORAEENN T2 U3TE 00 L
- T [ oC _" P, - B —Z . .
QTSI B T1LONGE -0
T e e LI =t NI TR Y 5.
CWEAT 0 71 EnE-00
- - . , e
cOE e DD agEsnn 22 arEentg 20, cap 0N I Zab v an ‘
CWRT TS0 0, 700

£ paneLRG TEMOERATURES: CLOHT LES T
POTTOM: TTLRNELNN 17.356400
0P TRLISEO0 A7LACE-9!

nF: )
PLANE TEMFERATURLS ARE

TOCGy 12, 2akenn
T(Eh0:  19,21F400
TSy 1 7aE+n
107720 20,01E+00
T 71 anE-Nd
T(74): 19,990 +00
V7t 19,89 ey
1076 19, 75890
(77 13.88E+00
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TABLE 11

TEMPERATURE DATA FOR INPUT POWER 1.1 W
BOTTOM BOUNDARY INSULATED

ChE

FOWER
CHLIR NOZ:
POWER

NOS T L
FOWER

TOTR NG
FOWER
THlEonnN3.

FOWZR

ALL

CENTER

METINT TCME pag:
SLINETER REAGING
RTH O TEMP 8RS

ap

Lete-01

CTLOZENY
ToLe2E-nt

£en0 28120400
S T0.37E-61
Eenfi L7, CUEenD)
SRR NI
EL00 7L ENEsn
ERERE L IS

EEIRON

TrLn2E-e

25 RSE-00
18,330 -01

£ CELCilT
RIGHT LEey
D7LNZELND 27U IES
25L9TEH0n 26 23000
26,7000 2R, 57E+00
Q7 TAg g 26,250 +00
ZRLUZES N0 SR LO3E+NnD
CRLISE ML 26, 4RE 400
JTLRTEe) 8L 7 TN
R e S E B U P Rt

HENT EXCUANGERS TEMFERQTIIRES:

Mo
il

BACK

BOTTO
T0R

PLANE

T(55):
T(55):
T(57):
T(72):
T(73):
T(74):
TE76):
Tr76):
T177):

TEMPERATURES A F

L49E Ny
L0OF 00
LOTEFON
22BN
eIt
L22B 0D
LUAR NG
La7E 0N
2 10BN

—Pang e PNy

Forobamobaro oo

L5 3E g

DioMnT
1SLoankenn
YL 2TE 00

EOTTOM

ST VoEeND

e Rereno
IELIRE DN
ST AT N

LRG0

S L anpenn

Sl tspenn

CELETE N
SRS TEeny

N, ETE 40
2L AGE ey
3, TE e
ZaLnge
MLETEe
20

DLLEE

LT e




TABLE 12

TEMPERATURE DATA FOR INPUT POWER 3.0 W
BOTTOM BOUNDARY INSULATED

TLUCE ETILT L aRE ATDRED i SILoy gTlvots
AMBTINT TDD Yt L
CHTMESTR SEADING WaS 3,00V
Lo lel TEMP WRS! T~ T
AUl TEAFERRTURES AGE 1M DECSRECS TELCIVE
CENTER 10F RICHT Lees RoTIOM Eein
JAEAEAAR S0, SZE«0) S0.62E-0N G0 zepel R S
REATE U A |
a3, 720 S0, S0 48.658+00  E0.0RESDD FERIRALIEE b
RN RIS
ATD e © CEWNG T, ISE0) 49, TALND a9 0200 a4 3uhe o 2B -un
FORER (WATTS0 0L NEE -
4. E+NN QL Capenn 4R, 37E00 B3 ERE S Gl i
2EL7TEDS
a7 .20 48, TEAU0 aB. I a3 2iEenD T
ERLe

Ci.=alanfg 48

S2.7RE-GY

5«01 43,148 2000 50

i
3
m
v
=

SULUATENN Dy, TETeNN EMIEESAN S0 R e SR
3G, e -0
TN Ty IR BTt R SV T BRI P ST LS IS RUAN U PR R SR SnLNtE e L
FOWER (W7 Tes TrLoeE-nt
WP 09 €0 TR ) G Zab e a3, 3T a0 d2 agk ot AR TR LU ST
CUWER GWAT T 20 he s~
WMEAT TUOMANGERS TEHF CRATIRES: o 3

Sia X

BRTIOM: !
7

PACH PLANE TEMPERATURES ARE

[rE8): 32.748+00
TISRY: 34, 2RE+QN
Tig7yvy 3Rh.a%E+yy
TH720v0 35.41g+00
TE70 s 3a.78e+00
Tit7ay: 3R

Te75) R L
Ti7RYyy 24,z
Te727ys 3a.300+0n
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TABLE 13

REDUCED DATA FOR INPUT POWER 0.1 W
BOTTOM BOUNDARY INSULATED

THE Fal D D87TH ARE FROM THE STUE: ne22ires
ThE FORER SETTING FER CHIP WAS: G.1 WATIS
SHET W) Tava-T=z Hu AUNC THE Ny
10,06E-02 53, 19€-01 Sh.HE-0 1€.92E-01

TEMPERATIIRE EASED RAYLEIGH NUMBER < E-7 IS: 108.639F-93

YOUNCERTAINTY I THE TEMPERATURE BASED RAYLEIGH NUMBER I5 :163.

FLUX BASED RAYLEIGH NUMBER = E-S I5: a01,14€-04
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 394.13E-05

10.0%E-N2 A0.03E-01 36.31E-01 16.67E-01
TEMPERATURE BASED RAYLEIGH NUMRER s E-7 IS: 110,46E-03

% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER JS 166,

FLUX BASED RAYLEIGH HUMRER x E-R IS: 401.11£-04
% UNCERTAINTY M FLUX BASED RAYLEIGH NUMBER IS: 3294.58E-1C

10,02E-02 GR.46E-M 27.24E-00 17.14E-01
TEMPERATURE BASED FAYLEIGH MNUMBER =+ E-7 IS: 107.28E-02
% UNCERTAINTY IN THE TEHPERATURE PASED RAYLEIGH NiMBER IS :171
FLUX BASED RAYLEIGH NUMBER =+ E-8 IS: 399.C54FE-04
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER I5: 395.38E-0%

33,32E-03 G2.11E-01 37 HE-01 17.24E-01
TEMFERATURE BASED RAYLCIGH NUMRER +» E-7 I5: 106.5RE-03
A UNCERTRINTY TH THE TEMPERATURE BASED RAYLEIGH NUMBER IS :172
FLUKX BASED RAYLEICGH NUMBER + E-8 ISt 335,51E-04
7 UNCERTAINTY IN FLUX BASED RAYLETGH NUMBER IS: 299.24E-05

23.73E-03 CR.84E-M 36.73E-01 17.03E-01
TEMPERATYRE BASED RAYLEIGH MUMBER <« E-7 IS: 108.026-03

7 UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER 15 :170.

FLUX BASED RAYLEICH HUMBER + E-2 1%: 337.44E-04
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 397.65E-0F

35,88E-03 €2.05E-01 24,29E-01 15.89E-091
TEMPERRTURE BASED RAYLEIGH WUMBER « E-7 I3: 11€.22E-03

A UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH MUMBER IS :153.

FLUX BASED RAYLEIGH NUMBER « E-8 T3: 7392.81E-04
% UMCERTAIMTY IN FLUX PASED RAYLEICGH NUMBER IS: 398.2#E-0C

10.03E-02 58.34E-01 37.56E-01 17.17€-01
TEMPERATHRE BASED RAYLEIGH HUMBER » E-7 1S5: 107.04E-03

%O UNCERTAINTY IM THE TEMPERATURE BASED RAYLEIGH HUMBER 15 :171.

FLI'" BASED RAYLEIGH NUMBER + E-8 IS: 402.90E-04
Z UNCERTAINTY IM FLUX BASED RAYLECIGH NUMBER I5: 332.90E-0%

10.12E-02 S, 41E-01 36.39E-01 16.87E-01
TEMPERATURE BASED RAYLEIGH MUMBER + E-7 IS: 109.12E-03

7 UMCERTAIMTY IN THE TEMPERATURE BASED RAYLEIGH HUMBER IS :168.

FLUX BASED RAYLEIGH NUMBER » E-8 IS: 403,56E-04
% UNCERTAIMTY IN FLUX BASED RAYLEIGH NUMBER I5: 391.87E-05

10.04E~-02 56.68E-01 39.43E-01 17.68E-01
TEMPERATURE BASED RAYLEIGH NUMBER # £-7 [S: 102.R0E-03
7 UNCERTAINTY IM THE TEMPERATURE BASED RAYLEIGH NUMBER 15 :176
FLUX BASED RAYLETIGH NUMBER + E£-8 IS: 399,95E-04
% UNCERTAINTY IN FLUX BACED RAYLEIGH NUMBER I5: 395.13E-0%
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TABLE 14

REDUCED DATA FOR INPUT POWER 0.7 W
BOTTOM BOUNDARY INSULATED

THE RAM Emi DRTA ARE FROM THE FILE: JRIZZ257
THE PONER SETTING FER CHIP WAS: 0.7 WATTS

QHETUW) Tava-Ts Hu AUNC TH Hu

70.13E-02 13.10E+00 11.67E+00 76.47C-02
TEMPERATURE BASED RAYLEIGH MUMBER = E-7 TIS: 261.03£-03

7 UNCERTAINTY [N THE TEMPERATURE BASED RAYLEIGH NUMBER IS :764.2

FLUX BASED RAYLEIGH MUMBER + E-8 IS: 304.66E-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER 1S: Z34.56E-04

70.07E-02 12.85€+00 11.89E+00 77.35E-02
TEHPERATURE BASED RAYLEIGH MUMBER + E-7 153: 285,.36E-03

% UNCERTAINTY IM THE TEMPERATURE BASED RAYLEIGH NUMBER IS :779.

FLUX BASED RAYLEIGH NUMBER » E-R IZ: 303.54E-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER 1S: 234.75E-04

69.34E-02 12.59E+00 12.11E+00 79.57E-02
TEMPERATURE BASED RAYLEIGH MUMBER « E-7 IS 249,47E-03

% UMCERTAINTY IN THE TEMPERATURE BASED RAYLETIGH NUMBER IG5 :785.

FLUX BASED RAYLEIGH NUMBER < E-8 IS5: 302.04E-03
% UNCERTAINTY IN FLUX BARSED RAYLEIGH HUMBER IS: 235.21E-n4

63.24E-02 12.826+00 11,78E+0) 73, 1RE-02
TEMPERATURE BASED RAYL{ IGH NUMBER » E-7 IS5: 254.53E-02
7 UNCERTAIMTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :781
FLUX BASED RAYLEIGH NUMBER = E-2 I5: 299,33E-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH HUMBER I5: 237.5hE-04

63.53E-02 2.54E+010 12.08E+00 79.88£-02
TEMPERATURE BASED RAYLEIGH NUMBER + E-7 IS: 248.36£-03

% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :738.

FLUX BASED RAYLEIGH NUMBER = E-8 1S: 300.13E-03
7 UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER 1S: 236.58E-04

63.40E-02 13.346+00 11.356+00 75.14E-02
TEMPERATURE BAGED RAYLEIGH NUMBER » E-7 IS: 266.31E-073

% LUMCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :751.

FLUX BASED RAYLEIGH NUMBER # E~8 1S5: 302.20E-03
7 UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER 15: 237.02E-04

70,24E-02 13.12E+00 11.70E+00 76.40E-02
TEMPERATURE BASED RAYLEIGH NUMBER + E-7 IS: 261.31E-03

% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBBR 15 1763.

FLUX BASED RAYLEIGH NUMBER + E~8 IS: 305.62E-03
% UNCERTAINTY IM FLUX BASED RAYLEIGH NUMBER IS: 233.86E-04

70.55E-02 12.88E+00 11.95£+00 77.82E-02
TEMPERATURE BASED RAYLEIGH NUMBER » E-7 IS: 255.86E-03
% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS 1777
FLUX BASED RAYLEIGH MUMBER + E-8 I5: 7305.63E-03
% UMCERTAINTY IMN FLUX BASED RAYLEIGH MUMBER IS: 233.16E-04

63.97E-02 12.44E+00 12.26E+00 80.54E-02
TEMPERATURE BASED RAYLEIGH NUMBER » E-7 [S: 246.04E-03

% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER I5 :80S.

FLUX BASED RAYLEIGH WUMBER » E-8 IS: 230!.64E-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 235.11E£-04

88

20E-03

34E-02

.28E-03

47E-03

.86E-03

10E-02
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TABLE 15

REDUCED DATA FOR INPUT POWER 1.1 W
BOTTOM BOUNDARY INSULATED

THE RAW Emi DATA ARE FROM THE FILE: PRy

THE FOWER SETTING FER CHIP MRS 1.1 HATTS
CHET W) Tava-T= Hho ZUNC TH Ny
10,84€-01 17.53E+400 13.526+00 £7.178-02

TEMPERATURE BASED RAYLEIGH NUMBER « E-7 1S: 13R%.80E-03

7 UNCERTAIHTY IN THE TEMPERATURL BASED RAYLEIGH NUMBRER IS :571
FLUX BASED RAYLEIGH MUMBER « E-9 IS: 494,53E-03

% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 226.93E-04

10.82E~01 17.19E+00 13.77£+00 58.29E-02
TEMPERATURE RASED RAYLEIGH HUMBER « E-7 IS: 357.49E-03
v UNCERTAINTY IN THE TEMFERATURE BASL» RAYLEIGH NUMBER IS :G.82.
FLUX BASED RAYLEIGH HUHMBER # E-2 I5: 472,30E-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH MUMBER IS: 227.14E-04

10.816£-01 16.775+00 14,09€+00 §3,75E-02
TEMPERATURE BACED RAYLEIGH WUMBER + E-7 IS: 347.17£-03
7 UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :597.
FLUY BASED RAYLIIGH MUMBER + E-8 I5: 489.01E-03
7 UNCERTAINTY I FLUX BASED RAYLEIGH NUMBER IS: 227.58E-04

10.70E-01 17.30E+00 13.52E+00 57.058-02
TEMPERATURE BASED RAYLEIGH NUMBER » E-7 IS5: 360.148-03
4 UNCERTAIMTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :5/8.
FLUX BASED RAYLETIGH MUHRER » E-8 IS: 487.09E-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 229.85E-04

10.756-01 16.78E+00 14,00E+00 La,71E-02
TEMPERATURE BASED RAYLEIGH MUMBER + E-7 IS: 247.472£-03
% UMCERTAINTY I THE TEMPERATURE RASED RAYLEICGH NUMBER 15 '53n.
FLUX BASED RAYLEIGH MUMBER « E-R [5: 486,30E-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER I15: 222.83E-04

10,73E-01 *6.70E+0N 14.03E+00 50.00E-02
TEMPERATURE BASED RAYLEICGH MUMBER » E-7 IS: 345.45F-93

2 WNCERTAINTY i THE TEMPERATURE BASED RATLEIGH NUMBER 15 :533.%

FLUX RRSED RAYLTIGH NUMBER » E-8 IS: 484,82E-03
7 UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER 15: 229.37E-04

10.87E-01 17.616+00 13.50E+00 6R.31E-0¢2
TEMPERATURE BASED RAYLEIGH MUMBER * E-7 [G: 367.76E 503
% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :568.
FI.UX BASED RAYLEIGH NIUMBER # E-8 IS: 496.47E-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 226.30E-04

10.90E-01 17.22E+00 13.35E+00 G8.218-02
TEMPERATURE BASED RAYLEIGH NUMBER # E-7 IS: 358.03FE-03
% UMCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :581.
FLUY BASED RAYLEIGH NUMBER * E-8 IS: 495.81t-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER 1S: 225.59E-04

10.81E-01 16.61E+00 14.23E400 g0.328-02
TEMPERATURE BASED RAYLEIGH NUMBER * E-7 IS: 343.28€-03
7 UNCERTAIMTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS (602,
FLUY BASED RAYLETGH MIMRER + E-Q IS: 488,34t-03
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER I5: 227.43E-04

89
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TABLE 16

REDUCED DATA FOR INPUT POWER 3.0 W
BOTTOM BOUNDARY INSULATED

THE RAW Emt DATA HRE FROM THE TILE: 0821310
THE FOMER SETTING PER CHIP WAS: 3.0 HATTS
GHNET (W) Tave-Ts by AUNC TN My
29.702E-101 4v,.21E+00 16.01E+00 24.31E-02
TEMPERATHRE RASEDN RAYI FTIGH NIMBER « £-7 I1S: 110.30E-02

% UNCERTAINTY IN THE TEMPERARIURE BASED RAYLEIGH NUMBER 1S :c4c.

FLUX BASED RAYLEIGH NUMBER * E-8 IS: 177.54E-02
Z UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER 1S5: 202,57E-04

29.77E-01 40,60E+00 16.28E+00 24,74E-02
TEMPERATURE BASED RAYLEIGH NUMBER » £-7 1S: 108.25E-02

%4 UNCERTAINTY IH THE TEMPERATURE BASED RAYLEIGH NUMBER IS :246.

FLUX BASED RAYLEIGH NUMBER » E-8 IS: 176.18E-02
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER iS: 202.85E-04

29.72E-M 39.13E+00 16.84E+00 25.66E-02
TEMPERATURE BASED RAYLEIGH NUMBER » E-7 IS: 102.R4E-02

% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :256.

FLUX BASED RAYLEICH NUMBER « £-8 IS: 173.21E-02
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER 1IS: 203.01E-n4

23.42E-01 40.51E400 16.12E+00 24.79E-02
TEMPERATURE BASED RAYLEIGH NUMBER » E-7 IS: 107.92E-02

4 UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :247.

FLUX BAGED RAYLEIGH NUMBER » E-8 1S5: 172.38£-02
A UNCERTAINTY IN FLUX BASED RAYLEIGH MUMBER IS: 205.02£-04

29.55€E-01 39.52E+00 16.52E+00 25.41£-02
TEHMPERATURE BASED RAYLEIGH NUMBER # E-7 IS: 104.27E-02

% UNCERTRINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :253.

FLUX BASED RAYLEIGH MNUMBER + E-8 IS: 172,94E-02
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER I15: 204.15E-04
23,448 -0 41,15E+0D 15.89E+00 24.42E-02

TEMPERATURE BASED RAYLEIGH NUMBER « E-7 1S: 110.27E-02

A UNCERTAIMTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :243.

FLUX BASED RAYLEIGH NUMBER r E-8 I5: 175,19E-02
7 UNCERIAINTY IN FLUX BRASED RAYLEIGH NUMBER IS: 204.93E-04

22.87E-01 41.77E+00 15.89E+00 24.05E-02
TEMPERATURE BASED RAYLEIGH MUMBER « E-7 IS: 112.63E-€2

% UNCERTAIMTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :239.

FLUX BASED RAYLEIGH NUMBER » E-8 IS: 178.94E-02
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 201.94E-04

29.96E-01 4n,95E+00 16.25E+00 24.53E-02
TEMPERATURE BASED RAYLEIGH NUMBER » E-7 IS: 109.55E-02

% UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :244.

FLUX BASED RAYLEIGH NUMBER « E-8 IS: 177.96£-02
% UNCERTAIWTY IN FLUX BASED RAYLEIGH NUMBER 1S5: 201.34E-04

29.72E-01 33.63E+0D 16.64E +00 25.34E-02
TEMPERATURE BASED RAYLEIGH NUMBER + E-7 IS: 104.65£-02

Z UNCERTAINTY IN THE TEMPERATURE BASED RAYLEIGH NUMBER IS :252.

FLUX BASED RAYLEIGH NUMBER + E-8 IS: 174,11E-02
% UNCERTAINTY IN FLUX BASED RAYLEIGH NUMBER IS: 203.00E-04
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TABLE 17

TEMPERATURE DATA FOR INPUT POWER 0.1 W
CHAMBER WIDTH = 30 mm

RESULTS ARE

STORED 1IN FILE:
EXPERIMENT CARRICD OUT AT

AMBIENT TEMP (CELSIUS) Of:
BATH TENP

TEHPERATURE'RERDINGS IN DEGREES C
CENTE f

CHIP NOt:
POHER
CHIP NOZ:
POHER
CHIP NO3:
POHER
CHIP NO4:
POWHER
CHIP N0OS:
POHER
CHIP NUG:
POWER
CHIP NO7:
POWER
CHIP N08:
POKWER
CHIP NOI!
POHER

HEAT EXCHANGERS TEMPERATURES:

12.8
(HAT

R
06
1S):

12.9%4

(HAT

1Sy

13,0993

(HAT

15):

12.764

(HAT

15)

12.831

(HAT
13.0
(HAT
12.6
(HAT
13.0
(HAT

15):
19
15):
89
15):
39
15):

13,256

(HAT

(SR

BOTTOM:
TOP:

e o ok e =t OO
A‘-AA‘\—\AD
N~ N~ Oum
NIV s ~NOU
—~

SOURCE

CK PLANE
12,

—
WWWWwhIm

VoL

TEM
656
. 961
709
A3
561
.671
. 366

T1AGE :

VOILTAGE TO THE

CHIP »

1

CHIP #2:

CHIP #

3:

CHIP #4:

cHip »

5:

CHIP #6:

CHIP »

7:

CHIP #8:

CHIP »

9:

1
]
1

10 C-10 C

1opP RIGHI

12.761 12,

.0383

12.894 12,

.099

12.956 00,

.0996

12.731 12,

.0990

12.894 12,

.N933

12.914 12,

.09935

12.686 12,

.0992

12.941 12,

.0930

13.114 12,

.0932

PERATURES

1.225
HEATERS
12

.027
022
.024

.968

——h —-

.022
.023
.023
.0213

91

736
591

B34

1016

24

L
1

nm

1

N

1810

.33

LLSIUS

1 BOT1UM BACK
71 12,616 15.431
.861 12.816 16.438
,986 13,076 15,451
5/4 12.484 15,41
824 12.801 15.446
.858 12.746 15.448
.684 12,559 15,445
.000 12.901 15.442
a4 13,144 15. 445

RIGHT CENTER LEF1T
09.967 10.012 09.997
10.037 00.000 10.042




TABLE 18

TEMPERATURE DATA FOR INPUT POWER 0.7 W
CHAMBER WIDTH = 30 mm

RESULTS ARE STORED IN FILE:

EXPERIMENT CARRIED OUT AT

AMBIENT TEMP (CELSIUS) OF:

BATH

TEHP

to ¢-10 C

190170950

24.78

TEMPERATURE READINGS 1M D[GREESECELSIUS
LEFT

CHIP NO1:
POHER
CHIP NO2:
POWER
CHIP NO3:
POWER
CHIP NO4:
POHER
CHIP NO5:
POWHER
CHIP NO6:
POHER
CHIP NO7:
POHER
CHIP NOS:
POWER
CHIP NO9:
POHER

HEAT EXCHANGERS TEMFERATURES:

BACK
T(55)
1(56)

o ek o =t
NOIUT o~
" P o St

(
(
(
(
(

NN

SOURC

CENTER
21.48
(HATI1S5):
22.18
(HATTS)
22.65
(WATTS)
21.68
(UNATTS):
21.93
(WATTS)
22.75
(HATTS)
21.14
(HATTS)
22.00
(HATTS) .
22.65
(HATIS)

BOTTOM:
T0P:

PLANE
¢ 150191
: 611
. 265
.651
.079
521

1
1
1
1
1
15.350

[SaNoaRenl0ar-yUs)

E VOLTAGE:

1op
.22

21 21
21.50
21.
21,
21.
21.
20.
21,

.64
AN

20

TEMPERATURES

3.288

VOLTAGE T0 THE HEATERS :

CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP

sy
42
273,
#y:
5
46
L
8
79:

NN PONN

610
. 756
L 743
47
.597
4
.743
L7404
. 745

92

13,

RIGHT
.08

'.A.J
N

o

21
21
21

.31
3
.56
A2
i.74
1.73
.95
.00
.02

BOTTOM

20,

20
21

21

20,
19.
.87
.83

20
21

RIGHT
09.922
09.977

01

.88
.98
20,
.48

37

12
34

CENTER
10.017
00.000

24.42

10. ﬂG




TABLE 19

TEMPERATURE DATA FOR INPUT POWER 1.1 W
CHAMBER WIDTH = 30 mm

RESULTS ARE STORED IN FILE:

EXPERIMENT CARRIED OUT AT

AMBLENT TCMP (CELSIUS) OF:
BATH TEHP

10 C-10 C

16171720

25,94

TEMPERATURE READINGS IN DEGREES CELSIUS

CHIP NO1:
POHER
CHIP NO2:
POWER
CHIP NO3:
POHER
CHIP NO4:
POWER
CHIP NOS:
POHER
CHIP NOG6:
POWER
CHIP NO7:
POWER
CHIP NO8:
POHER
CHIP NO9:
POWER

HEAT EXCHANGERS TEMPERATURES:

CENTER I
26.38 25,
(HAT1S):
27.34 26.
(HNTTS)
27.67 25,
(HR1T15):
26,74 26.
(HATTS) .
29.78 25,
(HATTS):
27.51 25.
(HATIS):
25.80 25.
(HATTS):
27.06 25,
(HATTS):
24,

27.79
{(HATTS):

BOTTOM:
10P:

BACK P
T(55):
T(56):

.
.
.
.

oty —d

{5
(7
(7
(7
(7

NS N

)
)
)
)
)

SOURCE

-VOLTAGE 10 THE HEATERS

CHIP »
CHIP
CHIP #
CHIP
CHIF »
CHIP
CHIP #
CHIP
CHIP »

22
'LH
LH
48

LANE

16.88
A8
.70
.57
.00
.9
.08

VOLTAGE :

s ol — el
NOO NI~

1 3.244
3.424
3: 3.108
3.413
5 3.228
3.406
3.408
3.108
3.408

7!
9:

opP
79

1.092

00

1.093

73

71

1.110

TEMPERATURES

4.085

R1GHT
25

22.

6.40 6.
6.74 5.

LEFT
26,

26,

.94
iR
.00
.51 26.

7t

.18 25.

.15
.36

93

17
17
.08
0o

65
63
.00
.94

BOTTOM

24

25.

26

24.

.21
62
.69
85
.35
A7
.98
.29

.60

CENTER
10.015
00.000

BACK
.857

.96

LEf T
093.987
10,068




TABLE 20

TEMPERATURE DATA FOR INPUT POWER 1.5 W
CHAMBER WIDTH = 30 mm

RESULTS ARE STORED IN FILE: 10181020
EXPERIMENT CARRIED OUT 01
AMBIENT TEMP (CELSIUS) OF: 23.934
BATH TEHP 10 (-10 C
TEHPERATURE READINGS IN DEGREES CELSIUS
CENTER 10P  RIGHT LEF] BROT10M
CHIP NOT: 33.07 32.50 32.62 32.72 29.9 35
POWER (HATTS): 1.484
CHIP NO2: 34,32 32.62 27.17 32.75 31.80 35
POHER (HATTS): 1.493
CHIP ND3: 34.63 32.10 00.00 32.82 33.39 35
POHER (HALIS): 1.5077
CHIP N0O4: 33.56 32.40 31,90 32.49 30.84 35
POWER (HWATTS): 1.501
CHIP NOS: 33.39 32.19 32.67 23.16 32.64 a5
POMER (HATTS): 1.506
CHIP N0O6: 34.02 31.20 33.07 32.41 29.59 36
POHER (HATIS) : 1.513
CHIP ND7: 32.02 30.79 32.47 31.73 27.98 35
POWER (HATIS): 1.508
CHIP NO8: 33.89 32.28 32.71 no,oo 31.39 35
POHER (HATIS): 1.507
CHIP NO9: 34.69 31.22 26.04 33.41 33.00 35
POWER (HATIS): 1.507
HEAT EXCHANGERS TEMPERATURES: RIGHT CENTER
BOTTOM: 10.027 10.098
1op: 10.108 00.000
BACK PLAME TEMPERATURES
T(65): 19.589
T(56): 20.25
T(571: 17.80
T(74): 21.09
T(75): 20.76
T(76): 21,47
T477): 19.69

SOURCE VOLTAGE :
VOLTAGE TO THE HEATERS

CH1P
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP

”l: 3.
62
23
2N
5
46
a7
#8:
29

WWWWwwWWwww

THESE RESULTS NRE HOW STORED ON DISK

787

.997
.979
.983
767
.975
.979
.979

979

4.767

FILE:
94

30MM10R

.88

"FASTSCAN

BACK

.55
.68
.89
.79
.87
.97
.83

LEFT
073
. 126

1
!

[oe Neaw




TABLE 21

TEMPERATURE DATA FOR INPUT POWER 2.5 W
CHAMBER WIDTH =30 mm

RESULTS ARE SIORED IH FILE: 10182338
EXPERIMENT CARRIED (UT AT
AMBIENT TEMP (CELSIUS) OF : 23.17
BATH TEMF 10 C
TEMPERATURE READINGS TN DEGREES CELSIUS
CENTER 1op RIGHT LEFT BOTTOM BNCK
CHIP NOt1: 42.47 41.80 01.39 42.04 37.20 49,73
PORER (HATTS): 2.461
CHIP NO2: 44.3N 710.93 41.68 41.68 40.14 49.93
POHER (HATIS): 2.475
CHIP NO3: 44.77 41,10 00,00 11.43 42.66 50.28
POHER (HNRTTS): 2.4985
CHIP NO4: 42.78 40.79 40,47 41,00 38.73 50.08
PORER (HWATTS): 2.485
CHIP NOS: 42.58 42.08 11,60 42.36 41.83 50.20
POWER (HATIS): 2.194
CHIP NOG6: 42.77 38.65 41,30 41,37 35.79 50.11
POHER (HATTS): 2.507
CHIP NO7: 40.63 39.59 41.08 40,51 30,17 50.25
POWER (HATTS): 2.497
CHIP NOB: 42.02 39.95 40.79 00.00 37.88 50.27
POHER (HATTS): 2.498
CHIP NO9: 42.77 37.10 41,32 41,32 40.60 50.24
POHER (HATTS): 2.496
HEAT EXLHNGERS TEMFerATURTS, RICHT COMTER LEFT
BOTTOM: 10.020 10.t10 10.065
TO0P: 09.748 00.000 10.0t5
BACK PLANE TEMPERATURES
T(55): 21.25
T(56): 22.70
T(57):  19.47
T(74): 23.34
T(75): 22.77
1(76): 23.81
T(77)y: 21.70 t

SOURCE VOLTAGE:
VOLTAGE TO THE HEATERS

CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP

AN 4
82 5
43 5
4. 5
85 4
b 5
a7 5
¢8: 5
09 5

.81
152
2R
<135
.859
124
. 129
129
.129

6.142

95




TABLE 22

TEMPERATURE DATA FOR INPUT POWER 3.0 W

‘

RESUL

EXPER
AMBIE
BATH

TEMPE

CHIP NO1:
POWER
CHIP HO2:
POWER
CHIP NO3:
POWER
CHIP NO4:
POHER
CHIP HOS:
POHER
CHIP NO6:
POHER
CHIP NO7:
POWER
CHIP NC3:
POHER
CHIP NOS:
POWER

HEAT

BACK

B i e B e
S p— S p— o—
NN~
~UIs~aWU
A S e S

SOURC

vaLTA
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP
CHIP

CHAMBER WIDTH = 30 mm

S ARE STORED IN FILE: 10232224
IMENT CARRIED OUT Al
NT TEHP (CELSIUS) OF:
TEMP 1n C
RATURE READINGS
CENTER Tor
50.66 49,62
(HATIS) 3,022
Ge.71 72
(WATTS) 3.038
52.51
(HAT1T1S)
51.15%
(WATTS)
50.48
(HATTS)
G1.67
(HATT1S):
48,27
(HWATTS):
49,10
(WATTS)
50.71
(HATTS)H:

22.83

IM DECREES CELSTUS
RIGHI LEFT BOTIOM
49,07 49,97 43.61

a2

Yy
 C

BNCK.
t7.87

-
<

4 10

~J

46,

«

a7 43, 19,

a8, .N0 47 9,87 .53

17, .59 48, 46,00 8,30

.3

6 50.5 18.61 A7

q7.

48,
.70
.52

.38 46,09

46, /0 48,07 33.78

C

it )

Ml

.0
.01

00
1

45, 44,02 3

91,

00.

43. 45,34 .49

RIGHT
10.057
10.073

CENTER
10.1€66
00,000

EXCHANGERS TEMPERATURLS:
BOTTOM:
T0P:

PLANE

24.
26.
22.
28.00
26.95
28.63
25.41

oS
— s T
T~y
W

TEMPERNTURES
75
51
G4

E VOLTAGE: 6.807

GE 10 THE HEATERS :
FAN AR
Py .12
23 .685
LK .692
a5 ,385
6 .680
a7 .686
#8: . 685
29 ,h26

[Ua VAU RUARG RUANFA RV RTY]
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TABLE 23

REDUCED DATA FOR INPUT POWER 0.1 W
CHAMBER WIDTH = 30 mm

THE KoM [mf DATA ARE FROM THE FIlLt: toia 1810
THE POMER SLTTING PER CHIP WNS: 0.1 H
THE DISTAMCE 10 THE TRONT WNALL HNS 30 MH

CHIP QUET(HY  Tava- s Hut Hhae
i A0 2.7k 23.19 10.85
FLUX PASED RAYLETGH NUMBER « E-9 IS: 3

AVERAGE TEMPERATURE: 17,861
SIHK TEMPERATURE: 10,104

2 10 2. 87 2.77 10.66
FLUX RASED RAYLETCH NIUMRER + £-9 15 .3
AVERAGE TEHMPERNTURE: 12.325
SINK TEMPERATURE: 10,104

3 10 2,04 21.32 9.98
FLUX BASED RAYLETCGH HUMBER = F -9 15 SR
AVERACE TEHMPERATURE: 12,144
GINK TEMPERATURE: 10,104

f A0 2.61 214.48 11.46
FLUX PASED RNYLETGH NUMRER « F-9 15: L
AVERAGE TEMPERATURE: 12.734
SIMK TEMPERATURE: 10.104

5 ta 2.83 22.82 10.68
FLUX BASED RAYLETGH HNUNBER + E-9 15 L3
AVERACE TEMPERATURE: 12.934
SIMK TEMPERNTURE: 10.104

6 10 2.hR 24.11 11.28
FLUOX BASED RAYLETGH NUMRER v E-9 160 .31
AVEFRAGE TEMPERNATURE: 12.78R
SINK TEMPERATURE: 10.104

7 10 2.6R 24,10 11.28
FLUX BASED RAYLETCGH MUMBER » E-9 IS: L3
AVERAGE TEMPLRATURE: 12,782
GINK TEMPERATURE: 10.104

8 A0 2.99 21.58 10.10
FLUX BASED RAYLETGH HUMRER * £-9 1S:! .31
AVERAGE TEMPERATURE: 12.Nn89
GIMK TEMPERATURE: 10.104

9 10 2.1 20,84 9.75
FLUX BASED RAYLETGH IHNRER # £-9 IS L3
AVERAGE TEHPLRATHRE 12,207
GINK TEMPERATURE: 10.104

97




TABLE 24

REDUCED DATA FOR INPUT POWER 0.7 W
CHAMBER WIDTH = 30 mm

THE RAN Emf DATA ARE FROM THE FILE: 10170950
THE POWER SETTING PER CHIP HAS: 0.7 W
THE DISTANCE TO THE FRONT WALL HAS 30 MH

CHIP OHET () Tava-ls Hul Hu?

1 70 11.22 40.87 19.12
FLUX BASED RAYLEIGH HUMBER + E-9 1S: 2.41
AVERAGE TEMPERNATURE: «1.294
SINK TEMPERATURE: 10.073

2 A 10.932 42,273 19.76

FLUX BASED RAYLETGH NUMRER + £E-9 15! 2.42
AVERAGE TEHPERATURE: 20,99
SINK TEMPERATURE: 10.073

3 A 12.11 38.48 18.00
FLUX BNASED RAYLEIGH NUMBER » E-9 IS: 2.48
AVERAGE TEMPERATURE: 22.185
SIMK TEMPERATURE: 10.073

4 A 11.20 41.37 19.36
FLUX BASED RAYLEIGH NUMPER # E-9 1S: 2.44
AVERAGE TEMPERATURE: 21.273
SINK TEMPERATURE: 10.073

5 A 1.7 39.73 18.59
FLUX BASED RAYLEIGH HUMBER « E-9 1I5: 2. 46
AVERAGE TEMPERATURE: 21.783
SINK TEMFERATURE: 10.073

6 2 11.81 39.61 1R.52
FEUX BASED RAYLEIGH HUNBER « E-9 1G: 2.48
JVERAGE TEMPERATURE: 21.R78
STHK TEMPERATURE: 10.073

7 A 10.99 42.38 19.8%
FLUX BASED RAYLEJGH MNUMBER »* E-9 IS: 2.45
AVFRAGE TEMPERATURE: 21,066
SINK TEMPERATURE: 10.073

8 A t1.61 40.07 18.75
FLUX BASED RAYLEIGH NUMBER » E£-9 IS: 2.406
AVERAGE TEMPERATURE: 21,685
SINK TEMPERATURE: 10,073

9 A 11,16 41.64 19.48
FLUX BASED RAYLEIGH MUMBDER * F-9 1S: 2.44
AVERAGE TEHMPERATURE: 21.23%

SINK TEMPERATURE: 19.072
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TABLE 25

REDUCED DATA FOR INPUT POWER 1.1 W
CHAMBER WIDTH = 30 mm

THE RAN Enf DATA ARE FROM THE FILE: 10171720
THE FPOWER SETTING PER CHIP WAS: 1.1 H
THE DISTANCE TO THE FRONT HALL HAS 30 MM

CHIP UHET(H)Y Tava-Ts Nul Nu2
i 1.08 16.00 44,33 20.74
FLUX BASED RAYLEICGH NUMBER = E-9 1S: 3.93

AVERAGE TEMPERATURE: 26.089
SINK TEMPERATURE: 10.085

2 1.09 15.18 46,172 21.58
FLUX BASED RAYLETGH HUMBER * E-9 IS 3.94
AVERAGE TEMPERATURE: 25.562
SINK TEMPERATURE: 10.085

3 1.10 16.832 42 .84 20.04
FLUX BASED RAYLEIGH MUHBER * E-9 1S: 4,03
AVERAGE TEMPERATURE: 26,917
SINK TEMPERATURE: 10.085

q 1.09 16,05 44,67 20.90
FLUX BASED RAYLETGH NUMRER « E-9 IS: 3.98
AVERAGE TEMPERNTURE: 26,136
SINK TEMPERATURE: 10.085

5 1.10 17.57 40.98 19.17
FLUX BASED RAYLETGH HUMBER * E-9 IS: 4,06
RVERAGE TEHPERATURE: 27.657
SIHK TEMPERATURE: 10.085

6 1.10 16.42 44,03 20.60
FLUX BASED RAYLEJCGH HUMBER = E-9 15! 4,023
AVERAGE TEMPERATURE: 26.509
SINK TEMPERATURE: 10.085

/ 1.10 15.60 46.18 21.60,
FLIX BASED RAYLEIGH NUMBER * E-9 IS: 3.98
AVERAGE TEMPERATURE: 25.688
SINK TEMPERATURE: 10.085

8 1.10 16.43 43.88 20.53
FLUX BASED RAYLEJGH NUMRER # E-9 IS: 4,02
NVERAGE TEMPERNTURE: 26.519
SINK TEMPERATURE: 10.085%

9 1.10 15.63 46.12 21.58
FLUX BASED RAYLEIGH NUMRIR » £-9 IS: 2.38
AVERAGE TEMPERNTURE: 25,717
SINK TEMPERAIURE: 10.085%
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TABLE 26

REDUCED DATA FOR INPUT POWER 1.5 W

CHAMBER WIDTH = 30 mm

THE RAW Emf DATA ARE FROM THE FILE: 10211130
THE FPOWER SETTING PER CHIP HNAS: 1.5 H
THE DISTANCE 10O THE FRONT WALL WAS 30 MM

CHIP ONET(H) Tava-Ts Hul Mu?2

1

1.52 22.139 A4,R5 20.89
FLUX BAGED RAYLEIGH NUMRER * £-9 1S:
AVERAGE TEMPERATURE: 32.569
SINK TEMPERATURE: 10.180

1.53 21.80 46.10 21.57
FLUX BASED RAYLEIGH HUMBER » E-9 IS: 5.94
AVERAGE TEMPERATURE: 21.978
SINK TEMPERATURE: 10.180

1.54 24.07 42.22 19.75
FLUX BASED RAYLEIGH NUMBER » F-9 1S: 6.15
AVERAGE TEMPERATURE: 24.2%2
SINK TEHPERATURE: 10.180

1.54 22.27 45,37 21.23
FLUX BASED RAYLEIGH NUMBER » E-9 IG: 6.00
AVERAGE TEMPERATURE: 232.450
SINK TEMFERATURE: 10.180

1.54 23.39 43,35 20.28
FLUX BASED RAYLEJGH MUMRER » E£-9 1S: 6.09
AVERAGE TEMPERATURE: 23.574
SINK TEMPERATURE: 10.180

1.55 22.61 45,06 21.08
FLUX BASED RAYLEIGH NUMBER * E-9 IS: 6.07
AVERAGE TEMPERATURE: 22.788
SINK TEMPERATURE: 10.180

1.54 21.66 46.86 21.92°
FLUX BASED RAYLEJGH NUMBER * E-9 IS: 5.99
AVERAGE TEMPERATURE: 21.837
SINK TEMPERATURE: 10.180

1.54 22.30 45.54 21.30
FLUX BASED RAYLEIGH NUMBER s E-9 IS: 6.03
AVERAGE TEMPERATURL: 32.482
SINK TEMPERATURE: 10.180

1.54 20.60 49,26 23.0%
FLUX BASED RAYLEIGH HUMBER + E-9 IS: 5.92
AVERAGE TEMPERATURE: 30.782
SINK TEMPERATURE: 10,180

5.94
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TABLE 27

REDUCED DATA FOR INPUT POWER 25w
CHAMBER WIDTH =30 mm

THE RAN Em{ DATA ARE FROM THE FILE: 10182338
THE POWER SETTING PER CHIP HAS: 2.5 H
THE DISTANCE 10 THE FRONT HALL HWAS 30 HH

CHIP QNET(WY  Tava-Ts Mut Hu2
| 2.44 31.61 51.08 23.90
FLUX BASED RNYLEIGH NUMBER » E-9 1G: 10.54

AVERAGE TEMPERATURE ! 41,698
SINK TEMPERATURE: 10,087

2 2.45 30.24 53.65 25.10
FLUX BASED RAYLEJGH HUMRER + E-9 I5: 10.44
AVERNGE TEMPERNTURE: 40.331
SINK TEMPERATURE: 10,087

3 2.48 32.03 49.69 23.25
FLUX BASED RAYLEIGH NUMBER * E-9 IS: 10.86
AVERAGE TEMPERNTURE 43,113
SINK TEMPERATURE! 10.087

] 2.46 21.27 52.14 24,39
FLUX BASED RAYLEICH MUMBER » E-9 IS 10.60

AVERAGE TEMPERATURE ! 41.356
SINK TEMPERATURE: 10,087

5 2.4l 32.19 50.86 23.73

FLUX BASED RAYLEIGH NUMBER ¥ E-9 15t 19.74
AVERAGE TEMPERNTURE: 02,2717
SINK TEMPERATURE: 10,087

6 2.493 .14 52.84 264.772
FLUX BASED RAYLETGH NUMBER * E-9 15 10.68

AVERAGE TEMPERNTURE: 41,225
SINK TEMPERATURE: 10.087

7 2.48 30.10 54.33 25 .44
FLUX BASED RAYLEIGH HUMBER # E-9 ISt 10.52
AVERAGE TEHPERNTURE : 40,189
SINK TEMPERATURE: 10,087

8 2.48 30.94 52.97 24.78
FLUX BASED RAYLETGH NUMBER * E-9 15: 1
AVERAGE TEMPERATURE: h1.023
GINK TEMPERATURE: 10,087

9 2.48 28.94 56.51 26.40
FLUX RASED RAYLEIGH MUMRER » E-9 15 19.39
AVERAGE TEMPERATURE: 39,028
SIMK TEMPERATURE: 10.087

0.62
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TABLE 28

REDUCED DATA FOR INPUT POWER 3.0 W
CHAMBER WIDTH = 30 mm

THE RAN Emf DATA ARE FROM THE FILE: 10191310 .
THE POWER SETTING PER CHIP HAS: 2.0 1
THE DISTANCE TO THE FRONT HALL HAS 30 HH

CHIP OHET(H)  Tava-Ts Nul Nu2
1 2.96 38.29 51.36 24.03
FLUX BASED RAYLEJTGH NUMBER x E-9 IS: 13.73

AVERAGE TEMPERATURE: 48,440
SINK TEMPERATURE: 10.154

2 2.98 36.50 54,14 25.33
FLUX BASED RAYLETGH NUMBER + F-9 1S: 13.56
AVERACGE TEMPERATURE: 16,657
SINK TEHPERATURE: 10.154

3 3.01 38,80 51.50 24.10
FLUX BASED RAYLETGH NUMRER = £-9 IS: 14.03
AVERAGE TEMPERNTURE: 48,959
SINK TEMPERATURE: 10.154

4 2.99 38.03 52.27 24.4¢6
FLUX BASED RAYLETICGH NUMBER # £-9 IS: 12.85
AVERNGE TEMPERATURE: 48.,18%

SINK TEMPERATURE: 10,154

5 3.00 38.62 51.66 24.17
FLUX BASED RAYLEIGH MUMBER * E-9 1S: 13.98
AVERAGE TEMPERATURE: 48,777
SINK TEMPERATURE: 10.154

6 3.02 36.60 54.74 25.61
FLUX BASED RAYLEIGH NUMBER » E-9 IS: 13.76
AVERAGE TEMPERATURE: 46,755
SINK TEMPERATURE: 10.154

7 3.0 36,49 54,71 25.60°
FLUX BASED RAYLEIGH NUMBER » E-9 1S;: 13.69
AVERAGE TEMPERATURE: 46.642
SINK TEMPERATURE: 10.154

8 3.01 36.62 54.55 25.5¢
FLUX BASED RAYLEIGH NUMBER » E-9 IS: |
AVERNAGE TEMPERATURE: 46.771
SINK TEMPERATURE: 10.154

9 2.01 33.27 59.88 28.01
FLUX BASED RAYLEIGH NIUMBER # E-9 IS: 13,23
AVERAGE TEMPERNTURE: 423,421
SINK TEMPERATURE: 10.154

3.72
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TABLE 29

TEMPERATURE DATA FOR INPUT POWER 0.1 W
CHAMBER WIDTH = 9 mm

RESULTS ARE STORED IN FILE: 11050029
EXPERIMENT CARRIED OUT NT

AMBIENT TEMP (CELSIUS) OF: 22.7R
BATH TLMP ¢ I C

TEMPERATURE READINGS IN DEGREES CELSIUS
CENTER 1op RIGHI LEFT BOT10M BACK
CHIP NO1: 14,34 14,25 14.16 14.24 14,08 14,40

POHER (WATIS): .097

CHIP NO2: 14,48 14,33 14.32 14.32 14,22 14.54
POHER (HATTS): .098

CHIP NO3: 14,58 14.53 14.49 14.48 14.54 14.64
POWER (HATTS): . 0989

CHIP HOA: 14,39 14.25 14.10 14.12 14,02 14,45
POWER (WATTS): .039

CHIP NOS5: 14,43 15.89 14,33 14,37 14.26 14,49
POHER (HATTS): .039

CHIP NO6: 14,65 14.37 00.00 14,24 14.58 14.71
POHER (HATTS): .093

CHIP NO7: 14,13 14.14 14.19 14,17 14,08 14,19
POHER (HATIS): .0933

CHIP HNO8: 14,59 14. 41 14,402 00.00 14.24 14,65

POHER (HATTS): .099
CHIP NO3S: 14,71 14,28 16.01 16.01 14.4% 14,77
POHER (HATTS): .093
HEAT EXCHANGERS TEMPERATURES: RIGHI CEMTER  LEFT
BOTTOH: 03.914 09,967 09.965
T0P: 10.011 00.000 10.392

BACK PLANE TEMPERNATURES
T(55): 12.97

T(56) 13.12

T(74): 13.52

T(75): 13.83

1(76): 13.99 <
T(77) 13.25

SOURCE voLTnGE: 1.219

VOLTAGE 1O THE HEATERS :
CHIP #¢1: .96/
CHIP »#2: 1.021
CHIP »3: 1.016

CHIP #4: 1.017
CHIP #5: . 962
CHIP »6: 1.015
CHIP #7: 1.015
CHIP »8: 1.015
CHIP #9: 1.016
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TABLE 30

TEMPERATURE DATA FOR INPUT POWER 0.7 W
CHAMBER WIDTH = 9 mm

RESULTS ARE STORED IW FILE: 11062057
EXPERIMENT CARRIED OUT AT

AMBIENT TEMP (CELSIUS) OF: 20.61
BATH TEMP 10 C

TEMPERATURE READINGS IN DEGREES CELSIUS
CENTER 10P RIGHT LEFT BOTTOHM BNCK

CHIP NO1: 23,48 23,27 22.85 23.21 21.43 23.88
POHER (HATTS): .696

CHIP NO2: 24.85 23.75 23.74 23.74 23.07 25.26
POWER (HATTS): .701

CHIP NO3: 24.78 24.57 241,32 23.70 24.51 25.19
POHER (HWATIS) ! . 7050

CHIP NOA: 23.92 22.97 22.82 22.78 21.97 24.32
POWER (HATTS): .703

CHIP NDS: 24,77 23.82 24.12 24.42 23.69 25.17
POHER (HATTS): . 705

CHIP NO6: 25.92 23.76 na. oo 23.15 25.35 26.33
POKER (HATIS): .709

CHIP NO7: 23.12 22.57 23.13 22.84 21.02 23.53
POHER (WATIS): 707

CHIP N0O8: 24.84 23.90 23.94 00.00 22.83 25.25
POWER (HATTS): .707

CHIP N0O9: 25.78 22.75 19.26 23.34 24.30 2h. 19
POHER (HATTS): . 706

HEAT EXCHAHNGERS TEMPERATURES: RIGHT CENTER L
BOTTOM: 09.972 10.070 10,
T0F: 10.047 00.000 10

ACK PLANE TEMPERATURES
55): 15.17

6)‘ 15.45

5.92
5.99
6.29
5.68

OURCE VOLTAGE: 3.259

VOLTAGE 10 THE HEATERS
CHIP #1: 2.587
CHIP #2: YR
CHIP #3: 720
CHIP #4: 722
CHIP #5; .575
CHIP #6: 217
CHIP #7: .718
CHIP #8: .718
CHIP #9: . 720

—_c

B
T
T
1
T
T
T
S

NARNNIPINININI N
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TABLE 31

TEMPERATURE DATA FOR INPUT POWER 1.1 W
CHAMBER WIDTH = 9 mm

RESULTS ARE STURED IN FILE:

EXPERIMENT CARRIED OUT Al

AMBIENT TEMP (CELSIUS) OF:
EHP 10 C
TEMPERATURE READINGS IN DEGREES CELSIUS
16pP RIGHT

BATH 1

CHIP NO1:
POWER
CHIP NO2:
POWER
CHIP ND3:
POWER
CHIP NO4:
POHER
CHIP NOS:
PONER
CHIP NOG:
POWER
CHIP NO7:
POWER
CHIP NO8:
POMER
CHIP NO9:
POMHER

CENTER
28.92 28
(RATTS5):
31.27 29
(HATTS)

36.49 30.

(HATTS) @

29.63 28.

(HNTTS):

31.16 29.

(HATTS):

31.91 28.

(HATTS):

28.48 27.

(HWATTS)

31.20 30.

{HNTIS):

32.68 28.

(HATTS):

.61 28,

1.093

.86 29.

1.100
1.1071
1.104
1.107
1,114
1.112
1.111

26 3l
1.110

42 30.
45 ’8.
79 30.
89 00.
51 29.
08 30.
.03

26
60
02
1t
20
00
46
00

1102225%

21. 1
LEFT
28.57
29.60
28.65
27.83
20.63
28.72
28.34
00.00
31.03

BOT10M
25.77

28.52
30.37
26.78
29.54
31.17
25.07
28.01
30.57

B8NCK

29.
29.
30.
30.
.08
.18
.15
.14

20

87
g7
08
04

R

LEFT
10.2M%

09.952

CENTER
10.128
00.000

HEAT EXCHAHGERS TEMPERATURES: RIGHT
BOTTOM: 09.839
ToP: 09.863

BACK PLANE TEMPERRTURES

(551

SOURCE

17.38
7.58
8.00
8.02
8.41
7.63

VOLTAGE:

4,086

VOLTAGE 10 THE HEATERS !

CHIP #1:
CHIP #2:
CHIP #3:
CHIP #4:

CHIP #

CHIP #6:
CHIP #7:
CHIP »8:
CHIP #9:

.24
LA
5:
.40

WWwWwWwwww

4

025

1

.413
.229
. 106

7

.408
.409
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TABLE 32

TEMPERATURE DATA FOR INPUT POWER 1.5 W
CHAMBER WIDTH = 9 mm

RESULTS ARE STORED IN FILE: 11091225
EXPERIMENT CARRIED OUT AT i

AMBIENT TEMP (CELSIUS) OF: 21.83

BATH TEMP ! 10 C

TEMPERATURE READINGS TN DEGREES CELSIUS
CENTER TOP  RIGHT LEFT BOT10H BACK

CHIP NOt: 36.71 36.38 35.78 36.25 32.76 27.56
POHER (WATTS): 1.4893

CHIP ND2: 38.97 36.79 37.06 37.06 35.38 33.83
POHER (HATTIS): 1.497

CHIP N0O3: 38.33 37.92 37.67 34.98 37.83 39.20
POHER (HATTS): 1.5093

CHIP N04: 37.06 35.37 35.16 34.59 33. 41 37.92
POHER (HATTS): 1.504

CHIP NOS5: 38.29 36.57 37.19 37.75 36.20 39.16
POHER (HWATTS): 1.508

CHIP NO6: 39,40 35.38 00.00 34.97 38.23 40.27
POWER (WATTS): 1.516

CHIP NO7: 34.94 33.67 35.04 34.46 30.18 35.81
POHER (KHATIS): 1.512

CHIP H(O8: 38.13 35.83 26,98 00.00 34.50 39.05
POHER (HATTS): 1.512

CHIP NO9: 39.71 34.80 28.60 36.52 36.89 40,58
POHER (WATTS): 1.51

HEAT EXCHANGERS TEMPERATURES: RIGHT CENTER  LEFT
BOTTOM: 09.828 09.977 10.040
T0P: 10.007 00.000 106.295

PLANE TEMPERATURES
¢ 20.82
21.73
: 22.48
¢ 22.323
t 22.64
¢ 2.3 ¥

SOURCE YOLTAGE: 4.771

VOLTAGE TO THE HEATERS :
CHIP #1: 2,789

CHIP »#2: 4.000
. CHIP #3: 3.983
CHIP #4: 3.987
CHIP #5: 3.772
CHIP #6: 3.979
CHIP #7: 3.981
CHIP a8 3.982
CHIP #9: 3.983
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TABLE 33

TEMPERATURE DATA FOR INPUT POWER 2.5 W
CHAMBER WIDTH = 9 mm

RESULTS ARE STORED IM FJILE: 11082020

EXPERJMENT CARRIED OUT ot
AMBIENT TEMP (CELSIUS) OF: 21.2¢8
BATH TEMP tn C
TEMPERATURE READINGS IW DFGREES CELSIUS
CENTER 1op RIGHT LEFT BOTTOM BAaCY

CHIP NO1: 46,62 45,93 45. 11 46.08 10.22 48,05
POWER (HATTS)Y: 2.504

CHIP NO2: 50.04 46.15 47.23 47,23 43.85 51.48
POHWER (HATTS): 2.520

CHIP NO3: 48.91 418.75 49,04 45.63 48,30 50.37
POWER (HATTS): 2.538%

CHIP NOA: 47,00 43.52 44,22 42.84 41.35 48,45
FOWER (HATIS) 2.531

CHIP NOS: 48.77 46.61 47.23 48,29 45,89 50.23
POHER (HATTS): 2.538

CHIP NOG: 49,99 44.34 no.0no 44.08 48.13 51.45
-POHER (HATTS): 2.552

CHIP NO7: 43,36 41,13 43,65 42.69 35.63 44,82
POWER (HATTS): 2.544

CHIP NO8: 48,86 45.42 47.09 00.00 43.17 50.32
POKER (HATIS): 2.544

CHIP NO9: 49.89 42.54 34.293 45,52 45.93 51.35
POHER (HATTS): 2.541

HEAT EXCHANGERS TEMPERATURES: RIGHT CENTER  LEF [
BOTTOM: 03.853 10.037 10.110
10P: 09.803 00.000 10.0713

BACK PLANE TEMPERATURES

T(55): 22,95

T(56): 24,01

¢ 24,80

: 24,59

: 24,97 s
: 23.67

SOURCE VOLTAGE: 6.193
VOLTHGE 10 THE HEATERS :

—t
A — i  p—
NN N
~NNU >
- e — —

CHIP o1 4,921
CHIP a2' 5.193
CHIP #3: 5,172
CHIP »4: 5.176
CHIP #5: 4,897
CHIP #6: 5.165
CHIP #7: 5.189
CHIP »8: 5.169
CHIP »#9: S 171
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TABLE 34

TEMPERATURE DATA FOR INPUT POWER 3.0 W
CHAMBER WIDTH = 9 mm

RESULTS ARE STORED IN FILE: 11072058

EXPERIMENT CARRIED OUT AT
AMBLENT TEMP (CELSIUS) OF: 21.00
BATH TEMP 10 C
TEMPERATURE READINGS IN DFGREES CELSIUS
CENTER 10P RIGHT LEFT BOTTOM RNCK.

CHIP NOt1: 55,97 54,4k 55.08 55.59 45.61 57.66
POWER (HATIS): 2.938

CHIP ND2: 61.12 57.34 58.13 58.19 54.57 62.82
POKER (HATIS): 2.957

CHIP NO3: 58.47 58.54 57.89 55.35 58.30 60.18
POHWER (HATTS): 2.9774

CHIP NO4: 57.35 53.88 54.52 54,33 49,46 59.05
POHER (WATIS): 2.969

CHIP NOS5: 58,98 57.68 58.44 593.12 56.79 60.69
POWER (HATTS): 2.978

CHIP NO6: 61,17 55.49 00.00 55.89 59.33 62.89
POKER (HATTS): 2.993

CHIP NO7: 52.97 51.53 53.54 53.26 43.41 54.68
PORER (HATTS): 2.984

CHIP N(O8: 60.57 57.20 59.10 00.00 54,97 62.28
POWER (WATTS): 2.985

CHIP N0O3: 60,45 53.52 46.33  56.95 56.66 62.17
POHER (HATTS): 2.984

HEAT EXCHANGERS TEMPERATURES: RIGHI CENTER  LEFT
BOTTUM: 09.783 10.022 10.176
10P: 09.816 00.000 10.063

BACK PLANE TEMPERATURES
T(55): 32.35
T(56): 34.45%

T(74): 35.53 ,
1(75): 35.08
1(76):  35.20
1(77): 33.52 t

SOURCE VOLTAGE: 6.715
VOLTAGE TO THE HEATERS :

CHIP #1: 5.339
CHIP #2: 5.633
CHIP #3: 5.611
CHIP #4: 5.615
CHIP #5: 5.314
CHIP »#6; 5.603
CHIP #7: 5.603
CHIP #8: 5.607
CHIP #9: 5.608
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TABLE 35

REDUCED DATA FOR INPUT POWER 0.1 W
CHAMBER WIDTH = 9 mm

THE RAW Emf DATA ARE FROM THE FILE: 11050029
THE POWER SETITING PER CHIP HAS: 0.1 H
THE DISTANCE TO THE FRONT WALL HAS 9 MH

CHIP OHET(H)  Tava- 1= Nul Hu?2
1 .10 4,10 16.19 7.11
FLUX BASED RAYLEIGH MNUMBER » £-9 IS: .30

AVERAGE TEMPERATURE: 14,242
SINK TEMPERATURE: 10.139

2 .10 4, 0R 15.38 7.19
FLUX BASED RAYLEJCH NUMBER + E-9 IS: .31
AVERAGE TEMPERATURE: 14,221
SINK TEMPERATURE: 10.139

3 .10 4,39 14,43 6.75%
FLUX BASED RAYLEIGH NUMRER % E-9 IS: .31
AVERAGE TEMPERATURE: 14,525
SINK TEMPERATURE: 10.139

4 10 4,07 15.54 1.27
FLUX BNASED RAYLEIGH NUMRBER » E-9 1S: <3
AVERAGE TEMPERATURE: 14.208
SIHNK TEMPERATURE: 10,139

5 .10 4,36 14,52 6.80
FLUX BASED RAYLEIGH NUMBER + E-9 ]S: .31
AVERAGE TEMPERATURE: 14,497
SIHNK TEMFERATURE: 10.1139

6 00 4,33 14,70 6.88
FLUX BASED RAYLEIGH HUMBER * E-9 IS: 31
AVERNAGE TEMPERNTURE: 14,473
STHK TEMPERATURE: 10.139

7 .10 4,01 15.86 1.4
FLUX BASED RAYLETGH NUMBER » E-9 16: .3
AVERAGE TEMPERATURE: 14.153
SINK TEMPERATURE: 10.139

8 .10 4,33 14.67 6.86
FLUX BASED RNYLEIGH MUMRER « E-9 IS: .31
AVERNAGE TEMPERATURE: 14,471
SINK TEMPERATURE: 10.1239

9 0 n.52 14,00 6.55
FLUX BASED RNYLEIGH NUMBER % E-9 IS: .31
AVERAGE TEMPERATURE: 14,660

SINK TEMPERATURE: 10,139
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TABLE 36

REDUCED DATA FOR INPUT POWER 0.7 W
CHAMBER WIDTH = 9 mm

THE RAN Emf DATA ARC FROM THE FILE:
0.7 H

THE PONER SETTING PER (HIP HAS:
THE DISTANCE 10 THE FROMT WALL HWAS 9 HM

CHIP QHET(W)Y Tava-l= Hul

1

4

68 12.02 34.3R

FLUX BASED RAYLETGH HUMRER % E-9

AVERAGE TEMPERATURE: 22.174
SINK TEMPERATHRE: 10,145

.63 13,11 34.42

FLUX BASED RAYLETIGH NUMRER + E-9

AVERAGE TEMPERATURE: 23.251
SINK TEMPERATURE: 10.145

.69 14,31 31.75

FLUX BASED RNAYLEIGH NUMBER * E-9

AVERAGE TEMPERATURL: 24,456
SINK TEMPERATURE: 10.145

.69 13.07 3.62

FLUX BASED RAYLETGH NUMBER ¢ F-9

AVERNGE TEMPERNATURE: 223,219
SINK TEMPERATURE: 10,145

.63 14,31 31.75

FLUX BASED RAYLEIGH NUMBER » E-9

AVERAGE TEMPERATURE: 24.451
SINK TEMPERATURE: 10.145

.70 14,65 31.20

FLUX RASED RAYLETGH NUMBER » E-9

AVERNCE TEMPERATURE: 24,794
SINK TEMPERATURE: 10.145

.70 12.79 35.62

FLUX BASED RAYLEIGH NUMBER # E-9

RVEPAGE TEMPERNTURE: 22.933
SINK TEMPERATURE: 10,145

.70 14,17 32.16

FLUX BASED RAYLEIGH NUMBER + E-9

AVERAGE TEHMPERATURE: 24.313
SINK TEMPERATURE: 10,145

.h9 13.12 34.64

FLUX BASED RAYLETGIH NUMRER » E-9

AVERAGE TEMPERNILRE: 23.266
SINK TEMPERATURE: 10,145
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TABLE 37

REDUCED DATA FOR INPUT POWER 1.1 W

CHAMBER WIDTH = 9 mm

AVERAGEL TEMPERATURE: 23.382
SINK TEMPERATURE: 10,193

111

THE RA Emf DATA ARE FROM THE FILE: 11022

THE FOHER SETTING PER CHIP WNS: 1.1 N

THE DISTANCE TU THE FROHT HALL HAS 9 MM

CHIP ANET(HY  Tava Ts Mot Nu?2

1 1.n8 18. 18 38.87 18.19
FLUX BASED RAYLETGH HUMRER = F-9 [S: q,
AVERACE TEMPERATURE : 2R.177
SINK TEMPERATURE: 10,192

2 1.08 1/,R2 3R.19 17.87
FLUX BASED RAYLE TCGH MUMRER * E-9 ]S: 4
AVERACE TEMPERATURE : 28,825
SIHK TEMPERATURE: 10,193

3 1.09 19,71 36,7138 17.02
FLUX BASED RAYLETGH MUIMBER « -9 1S5: 4,
AVERAGE TEMPERATURE @ 29,898
SINK FEMPERATURE: 10,1933

4 1.09 18.29 29,06 18.2R
FLUX BASED RAYLEJCGH HUMBER « F-9 15: 4
AVERAGE TEMPERNTURE: 2R.48%0
SINK TEMPERATURE: 10,193

5 1.09 <0.13% 35.76 16.4A9
FLUX BASED RAYLETICGH HUMRER = E-9 S: 4,
AVERAGE TEMPERNTURE : 2N ,5238
SINK TEMPERATURE: 10,1493

6 1.10 20.24 35.66 16.68
FLUX BASED RAYLEIGH HUMRER s E-9 15: q,
AVERAGE TEMPERNATURE : 20,429
SINK TEMPERATURE: 10,193

7 1.10 17.8R no.’213 18.82
FLUX BASED RAYLETCGH HUMBRER = F-9 [G: a
AVERAGE TEMPERNTURE: 28.076 t
SINK TEMPERATURE: 10.193

8 1.10 20.12 35.76 16.73
FLUX BASED RAYLEIGH HUHMRER » E-9 [S: 4,
AVERAGE TEMPERATURE: 30,321
SINK TEHPERATURE: 10,193

9 1.09 19,19 a7.42 17.51
FLUX BNSED RAYLETCH NiiReEn » 7.9 [ 4,

55

02
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TABLE 38

REDUCED DATA FOR INPUT POWER 1.5 W
CHAMBER WIDTH = 9 mm

THE RAW Emf DATA ARE TROM THE FILE: 11091225
THE POMWER SETTING PFR (CHIP WNS: 1.5 H
THE DISTANCE TO THE FRONT WALL WAS 9 MM

CHIP ONET (W)Y Tava-ls Hul Hu?
1 .47 25.932 37.30 17.45
FLUX BASED RAYLLIGH HUMBER « E-9 15: 5.96

AVERAGE TEMPERATURE: 26,108
SINK TEMPLRATURE: 10.186

2 1.47 25.87 37.60 17.59
FLUX BASED RAYLEIGH MUMBER « E-9 IS: 6.00
AVERNAGE TEMPERNTURE: 36.053
SINK TEMPERATURE: 10.186

3 1.49 27.17 36.12 16.90
FLUX BASED RAYLEIGH HUMBER * E-9 IS: 6.13
AVERAGE TEMPERATURE : 237.353
SINK TEMPERATURE: 10,186

] 1.48 25.44 38.39 17.36
FLUX BASED RAYLEJGH NUMBER * E-9 ]S: 5.99
AVERAGE TEMPERATURE: 35.625
SINK TEMPERATURE: 10.186

5 1.49 27.48 35.63 16.70
FLUX BASED RAYLEIGH NUMBER « E-9 S: 6.15
AVERAGE TEMPERATURE: 137.664
SINK TEMPERATURE: 10.186

6 1.493 27.726 36.16 16.32
FLUX BASED RAYLEJGH NUMRER * £-9 165: 6.1/
AVERAGE TEMPERNTURE : 27,450
SINK TEMPERATURE: 10.186

7 1.49 24,25 40.46 18593
FLUX BASED RAYLEICGH NUMBER » E-9 [S: 5.95
AVERAGE TEMPERATURE : 34,440
SINK TEMPERATURE: 10.186

8 1.49 27.02 36.36 17.01
FLUX BASED RAYLEJGH MUMHER « E-9 IS: 6.13
AVERAGE TEMPERATURE: 37.211
SINK TEMPERATURE: 10.186

9 1.49 25.41 38.61 18.07
FLUX BNASED RAYLETGH HUMRER * F-9 1S: 6.02
AVERAGE TEMPERATURE: 35,632
S5INK TEMPERATURE: 10.186
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TABLE 39

REDUCED DATA FOR INPUT POWER 2.5 W
CHAMBER WIDTH = 9 mm

THE

THE POWER SETTING FPER CHIP HNS:
THE DISTANCE T0 THE FRUNT HALL HWAS 9 MH

CHIF QMET (W)  Tava-Ts Nu!

1

2.47 3%.42 46,27

FLUX BASED RAYLEIGH NUMBER * E-9

AVERAGE TEMPERATURE: 05,6932
SINK TEMPERATURE: 10.271

2.49 35.73 46,82

FLUX BASED RAYLETGH NUMBER » E-9

AVERAGE TEMPERNTURE: 45,503
SINK TEMPERATURE: 10.271

2.50 37.h4 44,23

Fi.UX BASED RAYLEIGH MUMBER » E-S

AVERAGE TEMFERATURE: 47,908
SINK TEMPERATURE: 10.271

2.50 34,33 48.22

FLUX BASED RAYLEJGH HUMBER * E-3

AVERAGE TEMPERATURE: 44,605
SINK TEMPERATURE: 10.271

2.50 37.68 44,17

FLUX BASED RAYLEJCH MUNMBER « E-9

AVERAGE TEMPERATURE: 47,946
SINK TEMPERATURE: 10,271

2.52 37.n2 15,18

FLUX BASED RAYLEIGH NUMRER » E-9

AVERAGE TEMPERATURE: 47,287
SINK TEMPERATURE: 10.271

2.51 32.27 51.53

FLUX BASED RAYLEIGH MUMBER » E-9

AVERAGE TEMPERNTURE: 42.536
SIHNK TEMPERATURE: 10.271

2.51 37.n8 44,97

FLUX BASED RAYLEIGH HUMBER » E-9

AVERAGE TEMPERNTURE: 47,355
SINK TEMPERATURE: 10.271

2.51 33.79 49.19

FLUX BASED RAYLEJGH NUHRER + F-9

AVERAGE TEMPERNTURE: 44,057
SINK TEMPERATURE: 10,271
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RAN Emf DNTA ARE FROW THE FILE:
2.5 H

11082020

Nu?2
21.6%

1S: 11,

21.90
1S5: H

20.6
15:

—

22.56

1S5: 11,

20.66
15: 1

21.04
1S5: 11

23.01

1S5: 1t.

15

.20

.58

14

.58

.56

.96

.53




TABLE 40

REDUCED DATA FOR INPUT POWER 3.0 W
CHAMBER WIDTH = 9 mm

THE RAW Emf DATA ARE FROM THE FILE: 11072058

THE POWER SETTING PER CHIP WAS!: 3.0 W
THE DISTANCE 1O THE FRONT HALL HWAS 9 MM

CHIP ANET(H) Tava-Ts Hul Nu2

1 2.90 44,40 43.64 20.42
FLUX BASED RAYLEIGH NUMBER * E-9 IS: 14.41
AVERAGE TEMPERATURE: 54.762
SINK TEMPERATURE: 10.362

2.92 46.34 42.14 19.72
FLUX BASED RAYLLIGH NUMBER * E-3 IS: 14.73
AVERAGE TEMPERATURE: 56.697
SINK TEMPERATURE: 10.362

3 2.34 47.28 41.61 19.47

N

FLUX BASED RAYLEIGH NUMBER * E-9 IS: 15.04
AVERAGE TEMPERATURE: 57.6393
SINK TEMPERATURE: 10.362

] 2.93 44,68 43.84 20,51
FLUX BASED RAYLEIGH NUMBER « E-9 IS: 14,61

NAVERAGE TEMPERATURE: 55.040
SINK TEMPERATURE: 10.362

5 2.94 48.33 40.74 19.06
FLUX BASED RAYLEIGH NUMRER * E-9 IS: 15.20
AVERAGE TEMPERATURE: 58.691
SINK TEMPERATURE: 10,362

6 2.96 48.31 40.97 19.17
FLUX BASED RAYLEIGH NUMBER = E-9 IS: 15.28
AVERAGE TEMPERATURE: 58.676
SIMK TEMPERATURE: 10,362

7 2.95 42,01 46.78 21.89
FLUX BASED RAYLETGH NUMBER * E-9 IS: 14.29
AVERAGE TEMPERATURE: 52.372
SINK TEMPERATURE: 10.362

8 2.95 48.832 40.44 18.3
FLUX BASED RAYLEIGH NUMBER » E-9 IS:
AVERAGE TEMPERATURE: 593.183
SINK TEMPERATURE: 10,362

9 2.95 44,89 43.86 20.52
FLUX BASED RNYLETGH NUMBER * E-9 1S: 14,71
AVERAGE TEHPERATURE: 55,253
SINK TEMPERATURE: 10.362

- )
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T

an
S0

ool

N o

PV RS R R

Rl

o

'y

APPENDIX D
SOFTWARE LISTING

Tresesetrrrrverecstinrrans

P PROGRAM CaleDiel -
Tetkttresttssasardetrtés taas

1

PEDQITED RY LT €, TORRES. FROM ORIGIHNALS OF
| PAMUK [REF.121 AND BENEDICT (REF. 13)

|

| 444444360441 442 4414026444348 0 464420140408 004
! THIG PROCKRAM ANALYSES THE DATA READ FROM »
'R DATR FILE DESIGHATED BY THE OPERATOR, 17+
PREDUCES THE DATA 10 CALCULATIONS OF HE T«
U FOWER, SAYLEICH NIMBER AND HviSCi T *HIMBER. ¢
!0&0‘;..6b&s»o#b&’bbe;Q»&O’OG»DO#Uonbbbtﬁbc-
[}

POUAREARL T USED ARE

tMP VOLTNACE FROM THE THERMO DI 12
bOROWER POWER DISTIFATED QY THE ufalffR. .,
PoTelr 0 TEMPERATURE COMVERTED FROM THERMOLDU -
! HUES JOLTACE.

P TAVG 0 15 THE AVERAGE TEMPERATURE OF 1df
! CATPL T TT NBTAINED “ULTIFL rING

! THE TEMPERATURE FOUNDG TH farH Fat
{ SrOTHE AREw aND DIWIDING 27 THE G-
! Tag AREH,

VT DONIP PACY TURFACE TEMEERATY
PoTeiim: FILM TEMPERATURE NF THE ©0 - 0.
PLHET ¢ THECISTC POWER ATHUS c QHDute T o
FOTSIHK: AUVERACE OF THE & THERMOC QU

! THE IPPER OND LOWER WFEnl 7 o

!'ONI VERTICAL LENGTH BASED HUWTOF LT

PHUS ¢ AKEA-PERIMETER BASED MUCLEL T oMy

I OTHER YARIABLES ARL SELF EXPLANAIOR €7
!444444444*444-75444‘40444044&4444*404 AR AR R R
!

LOM sCo/ Do

i

DM Ent (7R Pagect 0 TUTRY T quar 3 D

OIM Thodme 3y Dnet 20 JHEY) b 121 Rty
DIM M3 Hut3) (Rae3) Dalttd) pegedr £
DIM Gri3)  Betal2),Dpow () Dts¥) Rpt

!

UCORRELATION FACTORY 1) CQUUERT Ty 1 S R
DATA G, N0ARNAY 26777 2 27574t 0 T o

JATA - AATAPREAY ), -

DATR 2,50, 0 0h 2005, 208,
]

| “" > )(';

SELD Ol

READ Rot <

!

PRINTER 15 "0

gece

SEEP

!

DFT ENTER THE URME OF THE FILE AINING DATA" .06, 1ed
t

CRINT IS ING TOKLTUTHE QAW Emr DAY € FROM THE FILE:

B

1
[HPOT "CHTER THE PONER =ETTING +.°
|
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Sdan
akil
4hy
a0
PRSI
434)
Sau
Nl
tnz
Sy
SE,
5

S0

SRINT HSIHG "y, " THE POWER ZETTIHE PEROCHIE WRGE PLTORT P oper 3
I

FRINT MSING "I, " THE DISTANCE 70 ThHE ~RONMT WALL HAS 3 49 7
|

PRINT

]

BEEF

BEEP

ASSICGH aF (le T0 Oldriles
ENTER @F tleiEmt i)

1

ltasr ittt rdetsetrsarttttittdnrsiette

b OJONVERT Emt TO DEGREES CELATHT o«

ltersatevrtrrnsaertaertobrt ettt tbt -ttt bos
!

FOR D=0 T R

Sum=1l

FOR Bt 007

Sum=5um+D Hyefmf (1) 7Y

HEXT o

Tl =5%um

NEXT T

FOR 1=7% 10 78

Sum=t)

FOR J=n 70 T
Tun=SumeD(J) Emtt T
NEYT )

T li=wum

MEXT 1
)

Tihosdas tbasas it st 4444

' COMVERT Emt 70 POWER 2
ladsrsetebetrsttrrtatastsdet
1

i=t
Volt=ent (Rt
FOR [R2 10

S ThTn
Pawer (o) -Enrt

Iteilolt-Ear D17

il
[}
[,
)
r
fo

R

HEAT

!
Tadaaa4stenrtsadttrdsranesssnrt
1 AREA OF THE RUOCH Farts o«
f I N R L R Y R T  Grar e e et Grerary
1

Dien-' A0 d

Niwey =", a4t ~a

Qriast, aef -1

Atemp=da, -2

Qbot=a, 3 -5 Y
Atot=5,7Rt -

4

.! THS 4422 B4+ 41 A 4B AR A2 1343444 144V 4 44104444 b 4443444358440
'CALCULATE THE AVERAGE TEMPERATURET OF THE BLOCH “altt -
'IF A THERMCCCUPLE IS FOUND OPEMED.IT SHOULD ST TAKEY OFF  «
| s st s b b s a s b bl d s rta s bbbt rslsssdbisrctsrsrssrsradtrats

!

Tavq(?)='T(Oi‘Qc9n*T(l5‘Q+QD6T':\»ququc})JQ!q0¢T'0)‘Hborl{R
Tava(2 =TI sfcen+tTIT ) »Atop+ T2 eAr 13+ T +Alee s TN e Bbat Y,
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T
JEQ
780
TTo
780
79N
3110
350
852
3523
360
330
231
23
RAEA
Fi
2
RRaL
A
410
50
r36||
17
e
Ay
ann
T
mnon
I
Y1)y
1Nas
ALY
HUTYA
[RITSR
YORC
0
RN
A

a . b e -
I E Y TV L AVIENUAPS o T o
NV 0 =D =i

|
20l
o1n

Tavd(a'zlT(1H‘FHCanr(1glbﬂfnp¢Tf:q‘bﬂrngY[:1)D“lp{‘Tf::)OQth]/&fqr
Tavét?lflT’:&1~ﬂcpn01(25)'Qtno‘I‘QBi'erg*Tiffl‘HIQO'T'Zgl‘ﬂbotlzﬁto'
TavalBr=iT030vAcons TI3 1 eAtop+ T1 3080 0l +T(34)sAhot ) / tATor - Lot )
T5vé(71=(T‘36)~Gcen’¥’77V'ﬂtop¢Tf?H)~ﬂrx?*fi?9)*Hlef*“003‘ﬂbof)/ﬁ'o'
Tava (81 =(Tta2 v efcone 1163 eAtop+ T (44)*Ar 1o+ TLAR I *Qbat 1/ (Atat Al

Taval9)=('(08)'Qfenf¥1a9)~ﬂtop+T150)‘eré*TISI)*9195*7(52)‘9b0tl/ﬂf0?
!5”0l&}§&0§ib}000l6llt’&{&bli.‘i#}.l'bi.’blD}".Q”‘.‘*OQ

P RESISTANCE OF OLENIGLASS. FOUND WITH A CONDUCTIVITY QF =«

' 0.195 H/m.K AND A LENGTH OF 19.S MM,

]

Rc=520.33
1

e taadtetorsenvsstesisne R L
'OCHIF BACK SURFACE TEMPERATIRE S
l4ssnevesrvas AR R R R R Rk T RV AP AP AP

ST =TT

{3 -

Ter Xy=To 11
l';‘:!"':‘;‘
Taegy=T022,
T=tS)=7(2n
Tat5)=T¢ 20
Tal7y=Ttain
Tsi3y=Trarz)
Tst3y=7152
Tezum=1

FOR J=1 10 2
Tszum=Tezume izt
HEST

1
Tzava=Tszum, D
1

Lttt et ssttaticarotas by R TN ]

'CONDUCTION 105 CALCULATION, «

lesssasrons AR AR TR R RPN LI G S Rrerar

|QQ LR R R N R R X ey 14348444343 44424%
VUAVERALE TTHE TEMPERATURE CaLcuULnTIoN =

l s 440 ssarsa8a4 H4 44 B 4444422444824 5%544+48

]
’fiqy—<Tfﬁj'»Yfgﬂ,;rffyy‘irgu)47!"“T'7:?'/ﬂ
TR0 UHARAUIERTITTS L DNGTHT 4T pF LSFD INCALCULATE USRI T HiMpe e,
LY BASED IHOTHE VERTIOAL DIMINS [ON DF THE Culi 1o, M

POAND L2 2ASED I THE TUMaTION AP TRE AREQSZDIVIDED BY THE FERMETED,

P TIT 4
I I R PN S-Sl B R Y- SR BRI 8

. Y + e ee s
_'0‘60b‘50~‘b&>6&¢~0&o!-»l;o;;»;;;e&t»v—booou’;oo.o&%&&~bb&>'~4 LR IR 2R SR 3
]

|‘444;444;44<4o»444¢444444444664»

' T0 PRINT THE QUTPUT HEADINGG, *
444 4dresetsctetssanr itesttspnsises
1

PRINT USING "2X,""CHIP  ONET(M)  Taug-is Tl Hul LA
PRINT

’6&444;4444&444444444‘4444444q&<444b§4441
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1220V CALCULATION OF NET POWER. My AND R3. »
Toxy IR R R R R R S TR T PPN
oy

blay  FOR J=1 70 13

1250 !

1020 ! CALCULATION OF Onet

1270 Unet(J)=Power(J)-Qloss ,

IS 1) B

1200 ! CALCULATION OF Tfilm

:310 Ifxlm(J)=(Tavg\J)*Tsnnk)/Z

330 ! .
1340 1 CALCULATION OF » DELTA TEMPERATURE

1350 DaltcJr=Tavat.j)-Tsink

137n

P80 1 CALCULATION OF COMVECTION COEFFICIENT
1291 Hidi=Unet( J)/(Atot+Dalt())

Fa14 !

Pasg Y CALCULATION OF FC-75 THERMAL COMDUCTIVITY.
1430 K(JY=(,65-7.23474F-4>T¢ | Im(J)) /10

taa)

450 ' CALCULATION OF FC-75 DENSITY

1460 Rho(J)=11.,825-.00246*Tf 1 ImtJ))+1000

targ !

tany ! CALCULATION OF FC-75 SPECIFIC HEAT

1430 Cp( ) =t,241111+3,7037E-4* Tt 1 im(J)) #4130
Sy !

1510V CALCULATION OF FC-75 VISCOSIT

1S20 e =1.,4074-2,364E-2 *Tf:lm\J)*3 BOIRE-a+Tf Imt ) " 2-2. 7 208E -5 T4 1 imt 1) 3¢5,
VE7IE -3+ T4 1 Imt JY "4
16,0 NHeJY=NtJ)+l E-H

)

18an 8

1550 ' CALCULATION OF THE COEFFICIENMT OF THERMAL
16581 1 EXPANSION [BETA]

1S60 Bera(J)=,00246/(1.825-.00246+Tf 1 Im(J))
1Cn !

1560 P CRALCULATION NF ALPYA

1830 AtalDI =K/ (Rho( J1eCpt i)

1500 @

16 D CALCULATION OF PRANDTL MUMBER.

1820 Pro)=N(J)/Altatd)

YA .

1640 1 CALCULATION OF HUSSELT MUMBERS
RS0 Nyl J)r=HU D« 1/K(.D
1551 Nl ) =HUu «L2/K (0
1m0
PO T CALCULATION OF ZRASHOF NUMBER.
1720 GroJr=9,21+Bata( ) (L1 2)eDelt (/Mg
HYRTI
Y71V CALCULATION CF hHYLfIld HUMBER.
1760 Ra‘J) GreJy«Pri e, .
1780 !
1774 ! CALCULATION OF FLUX BASED RAYLEIGH MUMBEPR o
1310 Rat () =t(2.31+Betat D* 1 420pet )/ (K *N(JI*Altal JI«Atotite] £-7
1330 !
13710 [ R T T ER X RS S P P P A P SIS SN trasas
1380 PRINT USING "10X.D.1X.5¢(5X.DD.DD.)":J.Gnet(J) Delt () Nult.) Hult,!
tag9g !
1320 PRINT USIMG "12X,""FLUX BASED RAYLEIGH NUNBER + £-3 IS0 ".DDD.DD":iRart iy
'*‘” E IHE U2]He 13%. " IAVERAGE TEMPERATURE:"*.DDD.DDD": Tavar.)
H us NC 12X, ""SINK TEMPERATHRE : " DDD DDD":Tsnk
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13ny
1970

1380

HEAT J )
ASSIGN S 1je TO »

END
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! P tratarssdtacstrratonst

[N U PROGRAM FASTSCAN »

v ' L R R I Y B R A I I b A I I A N R L R

30 IPROGRAM TQ SCAN THE THREE UPPERMJST THEWMOLQUPLE -,

1 'OIT SCANS 3 CHANNELS FOR TEMPERATHRE VARIATINN MEASUREMENTS,
aji ! CHANNELS ARE 13,21 AND 49

S 44ttt a4ttt NBastttdUnttdettattnstdtinsttrtteotetddestiotdtten
50 Ipass=539

7 Fassg=1)

4 N=0

1) DIM T1ES39) ,VIt2), 710539

3 DIM T2(5733), V202, Y21593%)

H2 DIM 7208239 w302y, 120539)

a0 CIEAR 700

P CLEAR T2

T [ 086 s 6444160040407 448 444682443441 b0 200 bF b 0r0obbraae

e !OTHE THREE FILE HAMEC [HAT ARE REQUIRED FOLLOAINCG
R ' ARE 70 =TORE THE READINGS FROM THREE THEKMOCQOUPLES.

Ny [ R R A S I I R R A S RS R ]
106 BEEP

197 PRINTER [35 701

1y2 BEEP

N9 IMPUT "ENTER THE FIRST FILE NAME: " lewtile!l

(Rl INPUT "ENTER THE SECOMD FIILLE NAME: " NewtilelS

[ INPHT "ENTER THE THIRD FILE MAME: “.lewtilels

e INPUT "ENTER THL VOULTMETER READING: ".,vfT

2 PEgNE HeING "15%,*" RESULTS ARE STORED OM DISK  FASTGOAMT " 1na"
Y4 FRIN

s PRINT USIHG "26A,"“FILE: " 1DA" tNewi1lels

s PRINT

Rk FRINE OSING "26X,""FILE: "",10A" Hewfilel%

1149 PRINT

bz FRIMT JSING "28X,""FILE: ", 10A" MHewi1els

12 PRINT

23 AATT !

1.4 BEER

S OUTPUT Zna:apt”

P WRIT

31 BEEF

) QUIPHT 722074 F1 RY PO 20 1STT S0t 1eTim:e

a '

tacn Jasesbaes st ratansb44

“6a 1 LOOP MUMBER OHE  «

/A P4 bto b 164400t tad tasdrastsdtrtsss

4 PSTART ZCANHING CHANNEL & 17«

ta7 v adaa it 4aasdtrtdtstdsrsttnrsdtisct

TG MITPUT 7209 "AF 12 g 13"

Y CUTRIT 704:7a5" \
o EEEP

toe Timeaatel=7MENATE

130 FOR Jy=0 10 [pass i

20y oUTPUT 722013

2 ENTER 722:V1ts)

270 THPass=i1(1)

250 Pagss=Fass+1

261 H=N+1

250 HEXT

284 TimedateZ=TIMEDATE

263  JutBUtideb:iamedatel-Timedatel
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e
al

Jr Y

R AN

EN

R No s N2 BUUY 8 NS

e R e R VY T I ESURG i o

PR (VY AP) ISR AT DY PR IS VR S

e =Y s u}

i

n s

Ll O OLCO LD T LD LY

st oiar
WG~

Sarod

[FsTee ]
[yt

4

o

AP

oy

A

[XPISVEVREVIVE R UETIR

Cad D DORO P DY PP T ) e — -
Y =D WO cara -

(S S )

Pazs=il

lieesatarssasis0tatsas

' LOOP NUMBFR TWQ .

1 i 0484824223840 484046 1808444423
' START SCANNING CHANNEL ) d
444304434420 4440 00460t 4t 40b0n
[}

QuUTPYT 709:"AF31 AL3L"
OUTPJT 709:"AS"

REEP

BECP

FOR Jj=10 10 lpass ’
QUYPYT 722: 713"

EMTER 7222y
TltPas3) = 11}
Pass=Passr]

HEXT Uy

QUTPUT 7220 "AC2LE”
Pazs=n

)

i4‘40044;*«14444444004404

! LOOP NUMBER THREE .
Ftendsrtedbisssstordtotadstesn
! START SCANNTING CHANNEL 49 =
[aa4sssesvtttstetnsetriesusian
i

DUTPHT 7021 "aF 49 aL49¢

QUTPYUT 789:"A5"

BEEP
BEEF
BEEP
FOok 'y
QUTPUT 2zl

! END LOOPS
PRINT USiNG CIEALTTTHE TOTAL TIME ELAPSED  rSFCONDS: t " 20, iDeD.DDY" (Tt a)

coInT

CRINT USihe "16 " "THE TOTAL HUMBER OF Seans ¢ v 20 Dhpr oo 0t
PRINT

SLINT USING T UUTHE YOLTMETER READING @ " tng, iU

BELlITER T

|
| 144440120484 880 6458844454 80443 4
' OTRANSFER FIRST SLAN DATA >
{t»a444444o4¢4444444444¢4<444444o;44q4d4<44444

! TRANSFEFRING THE SCAN DATA FROM CHANWEL 3

' 70 THE FILE. ThIS FILE WILL BE USED . WITH

¢ THE PROGRAM "PLOT“, TO MAKE A PLOT OF TEM-

! PERATURE S TIME,

! 5444444344 4RB48543%4 3 %3R3BB85 4288204 444483443344

CREATE BDAT Newtilel13.20

ASSIGN #F 1le 70 MNewtilel!d

QUTPYT #F 1ei Tt

FOR 1121 10 Ipacs

THODL )=, 100R6091+426727.9*T1(11)-767345,3¢T1(1 1) 2+73002856=71 (11

]
N
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NEST T4
! R A R A R R E R R R RN ENE R R R R A
1 TRANSFER SECOND SCAN DATA -

ltedsttetssarst PO Y T PR R 4
' TRANSFERING DATA FROM CHANNEL 31+
170 THE FILE he
!QO’Q'QQ’ .OQ"-.l‘.”.”’}‘}”’.f”"
CREATE BDAT Newfi1lel3.20

ASSIGN &F le TO Newf:1lelS

QUTPUT 3 le: Tty

FOR I1=0 TO Ipass

T2l =10086091+25727.,9+T2¢ 1) -7R7345S

MExT T

t
[ v hgds b s 2 bs $ A2ttt rt b aDt bttt}

! TRANSFER THIRD 5CAN DATA >

P tetd 41440ttt ttrirtrtrtrsettrs
! TRANSFERING DATA FROM CHANMNEL 3% -+
P TQ THE FILE. -
I

R X R R R R RS E X E

CREATE BDAT HNewti1lel3.20
ALSIGH wfF 1 le TO Newfilel$
NN ESREI RS

M) irazs
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File HAME: L 3T

!
Sy |
20 ]
B bOTHIS SROGCRAM “LOTS THE 9ATA ACQUIRED BY
5? : PROGRAM "FASTSCAN".
ot !
. 31 PRINTER IS5 708
1) BEEP
1130 Ymin=1)
114 Kmax=200
) 120 BEEP

A [HPUT "ENTER MINIMUM AHD HAXIMUM Y -<ALUES" . fmin. fmazx
Tan BEER

¥ {ztep= !0
ail BEEP
£ fztep=.0

Lo BELF

P FRINT "TMIP Y IR Jua, 2960.,3000., 7000
ly) PRINT "SC g,100,0.100 7L 2,0
DRt Atx=1007 Udmax-Xmn)

o2t Sfy=100/(Ymax-Ymin)

230 PRINT "PuU .3 PD"

Sal FOR ¥3=Xmin TO Mmax 5TEF Astep
AN K= a3-Amip)+Sfy

Jeu PRINT "Pa":x,".0: XT:"

2o HEXT M3

2an PRINT “Pl 1y, 0PL"

290 PRIMT "Pi) PA 1.0 PD"

200 FOR Ya=Ymin T0 Ymax STEF Yestar
3ty Y=(Y3-Imin)*S5fy

300 PRINT "PA 0, Y, "YT"

530 HEXT Ya

5414) PRINT 'Pa 100 TL 0 2"
250 FOR Xa=Xmin TO Xmi3x STEP Xctep
d DIV A=tda-dmin) Sty

370 PRINT "PR™ i, 100: X7"

ten HEXT Xa

250 PRINT "Pa 100,100 29 Fa 00,0 ep*
. 40 FOR Ya=Ymin TO Ymax STEP Ystaen

alf Y=tY3-Tminl+Sty

a0 PRINT "PD PA 100,",Y."YT"

a4 HWENT Y3

3an FRINT "Pny g0, van po°

aciy PRINT "Pw 0,-2 SR 1.5,2"

kil EOR Ya={min 19 dmax STEF fsten

a/n = (la-min) Sy .
a1 PRINT "ttt 00

anan PRINT "CP -2, -1 B X35

S0 HERT Mg ¥
S0 PRINT "PY4 PA D.O"

S2 FOR fa=fmin T0 Ymax STEP Yatep

C30 [F ABS(Yay»7 1. E-5 THEN Ya=0
S41 Y={Ya-Tnin)+Sfy

551 PRINT “PA O, :Y,""

ShU PRIMT "CP -5,-.25:LB":Ya:""
570 HEXT Ya

30 BEEP

<an 1dl=n

HOU IF Idl=1 THEM
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Sl
R0
hdf)
250
Kl
70
680
30
00
210
[
73
T4
7o)
THil
70
Sl
7130
=100
310
A
220N
450
|
e
2T
23
530
ann
2t
PRall
230
2l
A5
R0
AN
30
T4
o
tyty
TR0
a2
Ty
Tnan
TGN

1apel3="Time (aec)®
BELP
Ylabel3="Tempersture (C1"

PRINT "SRO1LS.20PU PO SIL =10 LR L ENCK G ape 50701905187 1% ] ape s bs
PRINT "FA ~11.50 CP 0.":-LEN(Ylapel$)/2+3/£1"D1 0.1:L8":Ylapeis:""

END IF

PRINT "CP 0.0°

BEEP

INPUT "ENTER THE MAME OF THE DATA FILE“.D +iles
ASSIGH @F le TO D_fiie3

BEEP

Md=0

BEER

Hoairs=hoh

BEER

PRINTER [2

Sym=l

PRINTER T 7ot

PRINT Py D"

[F Sym=1 THEH BRINT “aop, @
IF Sym=_ THE!N PRINT "SMe
IF Svm=3 THEM PRINT “SHn”
IF M4t THE}

FOR =1 TQ (Ma-10

FHTER #F 1 lz:Ma.ra

NEST

FOR Na=ag 10 '39 STEP (3233073

EMTER #F 1latYa

Ya= 1HURENIT 26707 Jefg-7R73d45 , 2e¥g 2+ QUM CSp vy
H=ila-Xm:p)*siy

Y=l {a-Ymain!+5fy

IF Sym-2 THEM PRINT "SH”

IF Symoa THEN PRINT AR '.4,2.a"

PRINT "EAQ™ w Y, "&D"

IF Syne? THEN BRINT "qg . 2.1.4°

IF Sym=a THEM ORINMT "SCZ.4.32.0,-92, -4, 00,5, d, 0 ,0"
i Syms® THEN FRINT U300, 39, -0 -6, -2 .8, 2 5 1 ea
IF Svm=& THEM PRINT "UC,%,2,29, 2, -3, -5.0, 000"

TF “ym=7 THEN PRINT “4€0,-6,23,930 -2,2 5,49, -7, "

HEYT Xa
eIy ey
Q{:‘

GHEaE ple T
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